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IVAN  NIKOLAEVICH  NAZAROV 


I.V.  Torgov 


On  July  30,  1957,  Academician  I.N.  Nazarov  died  suddenly  at  the  age  of  51,  while  in  Avignon  (France)  for 
professional  reasons.  Our  nation  lost  one  of  Its  best  sons  and  science  lost  a  great  organic  chemist. 

Ivan  Nikolaevich  was  born  on  June  12,  1906  of  a  peasant  family  in  Koshelev,  Vladimir  Province  (now  the 
Gorki!  district).  He  belonged  to  the  generation  of  Soviet  scientists,  members  of  the  working  intelligentsia,  for 
whom  the  Great  Socialist  October  Revolution  opened  up  great  opportunities  in  science.  In  1922  he  finished  sec¬ 
ondary  school  and  became  at  first  a  teacher  in  his  native  town  and  then  a  school  inspector  for  the  district  public 
schools  In  Murom.  In  1927  he  entered  the  Timixyazev  Agricultural  Academy  and,on  finishing  his  training  there 
(1931),  he  became  a  student  at  the  Leningrad  State  University,  where  he  worked  under  the  direction  of  one  of  the 
foremost  Russian  chemists  -  Academician  A.E,  Favorskii.  In  1934  he  moved  to  Moscow  to  work  In  the  newly  ot- 
ganized  Institute  of  Organic  Chemistry,  where  he  continued  to  work  for  the  rest  of  his  life.  For  his  work  "Metallic 
ketyls  of  the  aliphatic  and  aliphatic -aromatic  series’  he  was  awarded  the  degree  of  Candidate  in  Chemistry  In 
1935. 


In  1936  Nazarov  was  the  leader  of  a  group  investigating  the  synthesis  of  film -forming  materials  and  started 
his  outstanding  work  on  the  chemistry  of  acetylene  and  vinylacetylene.  In  1941  he  defended  his  PhD  thesis  on 
the  theme:  "Investigations  In  the  field  of  acetylene  derivatives.  Synthesis  of  vinylacetylene  alcohols  and  their 
reactions."  From  1940  he  directed  the  Vinylacetylene  Laboratory,  which  was  renamed  in  1946  the  Laboratory  of 
Unsaturated  Compounds  and  in  1954,  the  Laboratory  of  Fine  Organic  Synthesis. 

When  World  War  II  began,  Nazarov  and  the  group  he  directed  were  among  the  first  scientific  workers  to 
help  in  the  war  effort.  The  production  and  application  of  carbinol  adhesive  (a  substance  based  on  vinylacetylene 
polymers)  was  organized  for  cementing  plastics,  metals,  glass,  etc.,  and  this  was  of  great  importance  in  machine 
construction  and  military  servicing  technology.  In  1942  he.  was  awarded  a  Stalin  pMrize  for  preparing  and  putting 
into  use  carbinol  adhesive.  Despite  the  intensive  practical  work  he  was  carrying  out  and  the  difficult  wartime 
conditions,  he.  continued  his  investigations  on  the  reactions  of  acetylene  and  vinylacetylene  derivatives.  In  1946 
Ivan  Nikolaevich  was  awarded  the  Stalin  Prize  of  the  First  Order  for  his  work  in  this  field  and  in  the  same  year 
he  was  elected  as  a  Corresponding  Member  of  the  Academy  of  Sciences,  USSR.  After  the  war  his  scientific 
activities  developed  to  a  great  extent.  He  synthesized  a  series  of  physiologically  active  substances  (anesthetics), 
materials  related  to  steroids,  heterocyclic  compounds  and,  quite  recently,  natural  terpenes  and  terpenoids.  Work 
of  great  theoretical  value  was  undertaken  in  the  field  of  stereochemistry  and  diene  synthesis. 

In  1953  he  was  elected  an  Active  Member  of  the  Academy  of  Sciences,  USSR.  He  kept  his  great  en¬ 
thusiasm  for  science  to  the  end  of  his  days.  He  was  able  to  inspire  his  colleagues  and  especially  youth  with  a 
great  interest  in  it.  He  successfully  coupled  his  productive  scientific  activity  with  teaching  work  as  from  1948 
he  was  head  of  the  organic  chemistry  department  of  the  Lomonosov  Institute  of  Fine  Chemical  Technology  of 
Moscow.  In  heading  the  large  scientific  groups  of  the  Institute  of  Organic  Chemistry  and  of  the  Institute  of  Fine 
Chemical  Technology,  he  built  up  a  large  school  of  synthetic  chemists.  More  than  forty  scientists  defended  their 
candidate  and  doctorate  theses  under  his  direction.  Numerous  students  and  followers  of  Nazarov  continue  to  de¬ 
velop  his  ideas  in  the  Academies  of  Science  of  the  republics  and  in  a  number  of  branches  of  the  Academy  of  Sciences, 
USSR. 

The  name  of  I.N.  Nazarov  is  not  only  known  widely  in  our  country,  but  also  beyond  its  borders.  He  was 
elected  a  member  (in  1955)  of  the  German  Academy  of  Naturalists  in  Halle  and,  in  1956,  Corresponding  Member 
of  the  Berlin  Academy  of  Sciences.  The  government  of  the  USSR  has  valued  his  work  highly  and  awarded  him 
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the  Order  of  the  Red  Banner  of  Labor  twice  (in  1944  and  1953),  the  Order  of  the  Red  Star  (in  1945)  and  medals. 

He  was  a  model  man  and  citizen,  whose  highest  aim  was  to  serve  science  and  the  people. 

It  is  hard  to  give  a  summary  of  I.N.  Nazarov’s  works  as  their  number  approaches  500  and  therefore  we  must 
limit  ourselves  to  illustrating  the  main  directions  of  his  scientific  activity  only. 

Investigations  in  the  Field  of  Branched  Ketones 

Nazarov  made  his  first  investigations  in  1931-1935  in  the  laboratory  of  Academician  A.E.  Favorskii,  and 
these  were  devoted  to  the  conversions  of  free  radicals  of  the  aliphatic -aromatic  series,  the  so-called  metallic 
ketyls.  The  latter  were  formed  by  treating  ketone;;  of  the  type  (CH3)jCCOR  and  CgHsCOR  with  alkali  metals  (mainly 
sodium).  The  intensely  colored  metallic  ketyls  are  dimerized  more  or  less  readily  into  pinacone  alcoholates. 

R  R 

Na  I  I 

((;H3).,aX)R  — (t’.Ho,).,CCROiNii  -^(CHylaCC— CC(CH3), 

I  I  ■ 

\aO  ONa 

R  R 

Na  A  I  ! 

(V,n-,COR  CoH-.C/  QHs— C-C— CfiHj 

\0.\a  I  I 

.\  aU  UN  a 

When  R  is  a  primary  or  a  secondary  alkyl  radical,  the  ketyl  is  unstable,  but  as  the  molecular  weight  and 
branching  of  the  radical  increase,  the  metallic  ketyls  become  more  stable  and  an  equilibrium  is  established  be- 
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tween  them  and  the  pinacone  alcoholates.  Thus,  sodium  ketyls  from  the  ketones  (CH3)jCCOC(C2l  15)20 H|  and 
(CHj)jCCOC(C2H5)8  are  not  dimerized  after  many  months,  while  sodium  ketyls  from  the  ketones  C5H6COC(C2H6)2CH8, 
CeUsCOCfCHi)!  and  05115000(02115)8  may  be  isolated  in  the  crystalline  state.  When  treated  with  water,  pinacone 
alcoholates  decompose  to  give  only  some  pinacone,  but  mainly  the  starting  ketone  and  the  corresponding  alcohol, 
for  example: 


(0113)30  0(0113)3  (0113)30  0(0113)3 

(0113)30-0-0-0(0113)3  (OH,)., 0-0-0-0(0113)3  1 

.  '  I  II 

NaO  ONji  110  011 

I  (0113)30000(0113)3  (0113)300110110(0113)3 

This  investigation  in  the  field  of  metallic  ketyls  was  the  subject  of  Nazarov's  Candidate  Thesis  [1], 

By  treating  branched  aliphatic  ketones  with  methylmagnesium  bromide,  he.  prepared  a  series  of  tertiary 
alcohols  and  investigated  their  dehydration.  Distillation  of  these  alcohols  with  small  amounts  of  iodine  gave 
1,1-dialkylethylenes;  while  if  the  reaction  was  carried  out  in  the  presence  of  sulfonic  acids,  the  molecules  were 
cleaved.  The  same  type  of  cleavage  occurred  when  these  ethylene  hydrocarbons  were  heated  with  sulfonic  acids, 
with  the  break  occurring  at  the  bond  connecting  the  tertiary  radical  to  the  ethylene  residue  to  form  two  lower 
olefins.  In  the  case  of  identical  alkyl  substituents,  the  process  may  be  illustrated  by  the  following  scheme: 


(]]{, 


CII3  CHa 

I  /CH3  CH3V  II  /CH3 
C— C^CHa  -►  C-C^GH, 

IICII2/  I  ^CHgR  HGH.^/  \CH;U 

OH 


GH3V 

ciiAc- 

HGII.,/ 
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f  GH2=C-C^^GH 
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CH3 

Cllax  I  I  XH3 

.  — 3  ->  CHa-^G - h  OH2 — G==G^ 

\gh.,h  rgh,/  \ 


CH2R 


3\  /CH3 

>C=GHR  4  >G=GC 
Glla^  CH3/  \CH.,R 


The  tert  -alkyl  radical  formed  during  the  decomposition  eliminates  hydrogen  and  is  converted  to  a  di- 
methylalkylethylene,  while  the  tert  -alkylvinyl  radical  adds  hydrogen  to  form  a  tetra -substituted  ethylene  [2]. 


Investigations  in  the  Field  of  Vlnylethynylcarbinols 

In  1936  he  began  a  systematic  investigation  in  the  field  of  vinylacetylene.  He  showed  that  when  con¬ 
densed  with  ketones  by  A.E.  Favorskii's  method,  vinylacetylene  readily  formed  vlnylethynylcarbinols  in  the  pres¬ 
ence  of  powdered  potassium  hydroxide  [3].  The  reaction  proceeds  more  smoothly  than  wldi  acetylene  itself  and 
the  carbinol  yields  are  often  over  90yo. 


GII.^GII  -G:  iGH4G0/ 


R 

G  H  2-  C 1 1  — C=C—  G— O  H 

I 

R' 


Vinylacetylene  alcohols  were  found  to  be  very  interesting  compounds,  which  undergo  particularly  numerous 
and  varied  conversions;  they  opened  up  a  new  and  fascinating  field  in  organic  chemistry.  Readily  polymerized 
and  passing  through  stages  of  sirups  of  various  viscosities,  they  finally  form  a  solid,  glassy  mass.  This  made  it 
possible  to  use  the  simplest  dimetliylvlnyletliynylcarbinol  as  an  adhesive,  capable  of  firmly  cementing  metals, 
glass,  marble,  porcelain,  minerals  and  plastics.  The  product  of  partial  polymerization  of  dimethylvinylethynyl- 
carbinol,  known  as  "Carbinol  Cement,"  "Balsamin"  and  "Nazarov's  Cement,"  has  been  appUed  widely  in  various 
branches  of  industry,  optical,  instrumental,  electrotechnical,  aviation,  etc.  [4]. 

The  chemical  behavior  of  vlnylethynylcarbinols  is  very  varied  and  is  determined  by  tlie  presence  of  a  con¬ 
jugated  system  of  double  and  triple  bonds  and  an  extremely  labile  hydroxyl  group.  The  reactivity  of  the  hydroxyl 
groups  of  vlnylethynylcarbinols  is  similar  to  tliat  of  triphenylcarbinol.  They  are  readily  esterified  with  organic 
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acids  (In  the  presence  of  sulfuric  acid)  but  the  dehydration  or  normal  tertiary  alcohols  does  not  occur  here.  When 
treated  with  hydrogen  chloride,  they  exchange  the  hydroxyl  for  a  chlorine  even  In  the  cold  and  when  treated  with 
alcohols  (In  the  presence  of  sulfuric  acid),  they  readily  form  ethers  [5].  Tertiary  vlnylacetylene  alcohols  are  de¬ 
hydrated  with  bOPjo  sulfuric  acid  at  50-60*  to  form  dlvlnylacetylene  hydrocarbons  and  the  yields  are  close  to  90*^ 
In  most  cases. 

Il 

I 

CH2=CH— C=0— C— CHjir  -*•  CH2=CH— C=C— CH--CH1V 

I 

OH 

Other  reactions  of  vlnylethynylcarblnols  are  characterized  by  the  presence  of  double  and  triple  bonds.  A 
selective  method  was  found  for  reducing  the  triple  bond  to  a  double  one,  using  a  zinc -copper  couple,  and  this 
gave  diene  alcohols  [6]. 

CH2=-CH-C=C— d— OH  CH2=CH-CH=CH-C— OH 


Dlmethylbutadlenylcarbinol  and  a  series  of  secondary  diene  alcohols  were  prepared  by  this  method.  Diene 
alcohols  readily  undergo  reversible  anionotroplc  rearrangement. 

I  / 

OHj^H— CH=f:H— C— OH  HOCHaCHr-GH— CH=G<^ 

This  rearrangement  was  then  extended  to  cover  polyene  alcohols,  which  were  prepared  by  reduction  of 
secondary  vlnylethynylcarblnols  with  unsaturated  substituents. 

r^H5GH=GH-GHOH-GH=:GH— GH^GHj  G9H5(GH=GH)3GH20H 

GHsCH==GH— GHOH-GH--GH— GH=GH2  GH3(GH=GH)3GH20H 

In  these  cases  it  was  shown  that  the  equilibrium  was  everywhere  strongly  displaced  toward  the  formation  of 
tertiary  alcohols  while  the  opposite  is  the  case  for  halogen  derivatives,  ethers  and  esters,  l.e.,  primary  compounds 
are  mainly  formed. 

An  example  of  a  reaction  In  which  only  one  vinyl  group  of  vinylethynylcarbinol  participates  Is  that  of 
diene  synthesis  which  forms  A* -cyclohex  enylethynylcarblnols  [7]. 
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G=G— G— OH 
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G=G— G— OH 

I  _ ^ 
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G=GH 


In  the  presence  of  phosphoric  acid,  vinylethynylcarbinols  are  condensed  with  phenols  in  the  same  way  as 
aliphatic  alcohols,  forming  para -substituted  phenols  with  a  vinylacetylene  side  chain.  However,  if  the  para- 
position  is  occupied,  the  vinylacetylene  radical  occupies  the  ortho -position  and  the  corresponding  vinylacetylene 
phenols  are  cyclized  at  the  moment  of  formation  to  allylidenecoumaranes,  which  were  previously  unknown  [8]. 
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C.=C-CH=CIl2 
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An  interesting  reaction  was  discovered  when  vinylethynylcarbinols  were  heated  with  acidic  reagents,  in 
particular,  ferric  chloride  [9].  This  reaction  gave  a  50-70^  yield  (for  the  lower  types)  of  vinyllsocoumaranes, 
which  polymerize  similarly  to  styrene. 


j 


Investigation  In  the  Field  of  Dlvinyl  Ketones 

One  of  the  most  Interesting  reactions  of  vinylethynylcarbinols  is  their  isomerization  to  dlvinyl  ketones  [10], 
wliich  occurs  under  the  action  of  mercury  salts  by  the  following  scheme: 


Cn2=CH-C=C-C-OH 


OH 

I  / 

CH.,=CH-C=C=C/ 


CH2=CH— CO— CH=G 


/ 

\ 


This  reaction  may  be  applied  very  widely;  it  occurs  with  tertiary,  secondary  and  primary  vinylethynylcar¬ 
binols.  It  proceeds  particularly  smoothly  in  alcohol  solutions,  giving  up  to  80^  yields  of  the  corresponding  fl  - 
alkoxy  ketones,  which  readily  eliminate  alcohol  (when  distilled  with  p-toluenesulfonic  acid)  to  form  dlvinyl 
ketones. 


I  /  ROH 

CH2r=CH— G=C— C— OH  GHj^CH— GO— (;H=C/  - "  ROCH2CH2COCH 

I  \  C,H,SO,H  j| 

The  reaction  described  is  thus  a  simple  method  of  preparing  divinyl  ketones  with  an  unsubstituted  vinyl 
group,  which  were  completely  inaccessible  previously. 

Also  in  1938,  a  second  method  was  discovered  for  preparing  divinyl  ketones  with  various  substituents  at  the 
double  bonds.  This  method  was  based  on  the  hydration  of  divinylacetylene  hydrocarbons  in  an  aqueous  methanol 
solution  in  the  presence  of  mercury  salts  [11]. 


\  '  II  u,o 

^G-.G-G=C  — C--=GH  — ^ 
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GX)G  H  2(  1 1 


\  I  II 

^Ge-G-GO— G 1 1  =C— CH2 


It  should  be  noted  that  attempts  by  other  chemists  to  carry  out  such  a  hydration  were  unsuccessful.  Hydra¬ 
tion  of  dienynes  proceeds  through  the  intermediate  formation  of  vinyl  allyl  ketones,  which  are  irreversibly  isom- 
erized  to  divinyl  ketones  under  the  reaction  conditions  [12].  For  a  long  time  this  type  of  divinyl  ketone  was 
assigned  the  structure  of  vinyl  allyl  ketone. 

Recently  a  third  method  of  preparing  divinyl  ketones  was  developed,  based  on  the  capacity  of  vinylacetylene 
and  its  homologs  to  undergo  the  Mannich  reaction. 

HGH^  Gn'G-GIl  — nGH=GR'G=GGH,N.^ 

RGH=-GR'G0GH2CH2N(  -►  RGH--GR'G0GH=CH2 


llie  vinylacetyleneamines  thus  formed  may  be  hydrated  to  unsaturated  amino  ketones,  which  readily  elim¬ 
inate  a  secondary  amine  and  give  dlvinyl  ketones  witli  one  free  vinyl  group  while,  at  the  same  time,  the  other 
vinyl  group  may  have  various  substituents  [13]. 

Divinyl  ketones  are  capable  of  various  addition  reactions  which,  in  the  case  of  unsymmetrically  substituted 
divinyl  ketones,  have  a  sharply  expressed  stepped  character.  The  activity  of  the  double  bond  in  addition  reac¬ 
tions  falls  sharply  when  substituents  are  introduced  at  the  vinyl  groups  and,  simultaneously,  the  capacity  of  the 
dlvinyl  ketones  to  polymerize  aLso  decreases  [14].  Thus,  water  adds  to  unsymmetrically  substituted  divinyl  ke¬ 
tones  to  form  unstable  unsaturated  6 -hydroxy  ketones,  which  are  cyclized  under  the  action  of  acid  to  tetrahydro- 
y-pyrones  and,  in  an  alkaline  medium,  readily  eliminate  water  and  revert  to  the  starting  divinyl  ketones. 
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Alcohols  add  extremely  rapidly  to  divinyl  ketones,  especially  in  the  presence  of  acid  catalysts,  with  the 
primary  adding  most  readily,  the  secondary  less  readily  and  the  tertiary  alcohols  with  the  most  difficulty. 

CMj=-CH— CO— CH=c/  nOCH2CHjCOCH=C<^-».  ROCHjCHjCOCHjioR 

An  interesting  reaction  is  the  oxidation  of  divinyl  ketones  in  die  presence  of  alkaline  hydrogen  peroxide. 
Tliis  gives  keto  dioxides  which  are  hydrolyzed  by  solution  in  water  to  form  intermediate  ketotetrols  which  then 
undergo  intramolecular  cyclization  to  form  3,5-dihydroxytetrahydro-4-pyrones. 


A  A 

A  A 


HO 

/  1/ 


Secondary  aliphatic  amines,  primary  aromatic  amines,  hydrogen  cyanide  and  compounds  witii  an  active 
hydrogen  atom  of  the  malonic  and  acetoacetlc  ester  type  add  to  divlnyl  ketones  only  at  the  unsubstituted  vinyl 
grou  p  to  give  high  yields  of  the  corresponding  derivatives  [14]. 


NCCll2CH2COCH=G<^ 


CH  C„H,,NIICH2CIi200CH=C<^ 

CO _ 

I  H.,N(;ii2cn2COCH=cA 

CH  I  -I  I  \ 

II  ''COU'  R('(> 

c  - ^  M:ncn2CH2COCH=c,( 

/\  R'CO  '  ^ 

Hydrogen  chloride  and  sulfide  add  to  8 -substituted  dlvinyl  ketones  in  the  reverse  order,  i.e.,  first  at  the 
substlmted  vinyl  group  to  form  unstable  tertiary  8  -chloro  ketones  and  8  -mercapto  ketones  [14]. 


CH2-=CHC0CH2CC1  CH2=CHCOCH=cA  CH2=CHC0CH9CSH 

I  ^  "I 

A  particularly  interesting  reaction  of  dlvinyl  ketones,  discovered  in  1944,  was  the  cyclization  of  tiiese  com¬ 
pounds  to  cyclopentenOTies  [15],  which  occurs  under  the  action  of  acids  (phosphoric,  formic,  etc.). 


\ _ 


s 


\  \ 


Divinyl  ketones  with  an  unsubstituted  vinyl  group  do  not  undergo  this  reaction,  but  form  the  tetrahydro-y  • 
pyrones  mentioned  above.  A  thorough  study  of  the  cyclization  with  labeled  atoms  (deuterium)  showed  that  it 
proceeded  by  an  ionic  mechanism  and  involved  the  free  8 -hydrogen  of  the  vinyl  group  [16]. 
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A  study  of  the  properties  of  the  simplest  2,4-dimethyl-A*-cyclopentanone  led  to  the  discovery  of  an  in¬ 
teresting  isomerization  of  the  latter  with  migration  of  the  double  bond,  proceeding  by  an  enol  mechanism  under 
the  action  of  acid  and  alkaline  agents  and  also  by  heating  [17]. 


In  the  presence  of  alkaline  agents,  ^e  dlmethylcyclopentanones  described  above  undergo  an  inter  molecular 
diene  condensation,  forming  complex  polycyclic  ketones  with  an  endomethylene  bridge  and  an  angular  methyl 
group. 


Under  the  action  of  hydrochloric  acid,  these  cyclic  ketones  rearrange  into  aldehydes  (or  ketones)  with 
transfer  of  the  endomethylene  group  and  the  carbonyl  oxygen  into  ^e  side  chain. 


An  interesting  fact  is  the  dimerization  of  l,3-dlmethyl-A*-cyclopentendione-4,5  (obtained  from  2,4-dl- 
methyl-A^'cyclopentenone  by  oxidation  with  SeO|),  which  proceeds  in  the  cold  in  the  presence  of  alkaline  agents. 
This  condensation  poceeds  by  a  type  of  diene  synthesis,  giving  a  dioxane  derivative. 
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Thus,  on  the  basis  of  cyclopentenones,  and  ultimately  acetylene,  It  was  found  possible  to  synthesize  poly¬ 
cyclic  compounds  of  the  camphene  type  by  a  simple  method. 

Investigations  In  the  Field  of  Heterocyclic  Compounds 

In  Investigating  vlnyletfiynylcarblnols  It  was  established  that  when  they  were  hydrated  under  the  conditions 
of  a  Kucherov  reaction  (aqueous  solution  of  mercuric  sulfate)  they  were  cycUzed  to  tetrahydro-y-pyrones.  It  was 
later  found  that  the  reaction  proceeded  In  two  directions:  to  form  pyrones  (through  Intermediate  dlvlnyl  ketones) 
and  furanones  (through  unsaturated  a-ketols)  [18]. 


O 


In  the  case  of  Isopropylvlnylethynylcarblnol  the  second  direction  [xedomlnates. 


With  the  discovery  of  practicable  methods  of  preparing  dlvlnyl  ketones.  It  became  possible  to  synthesize 
other  slx-membered  heterocycles  on  the  basis  of  the  ketones.  Thus,  It  was  shown  that  fl-mercapto  ketones  (pre¬ 
pared  by  treating  dlvlnyl  ketones  with  hydrogen  sulfide,  see  above)  were  readily  cyclized  under  the  effect  of  so¬ 
dium  acetate  to  tetrahydrothlopyrones  [14]. 
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Treatment  of  dlvlnyl  ketones  with  ammonia  and  primary  amines  gave  various  plperldones  (often  In  yields 
of  more  than  80^).  Instead  of  dlvlnyl  ketones,  one  may  start  with  the  corresponding  methoxy  ketones  or  tetra- 
hydro-y -pyrones  [19]. 


R=H,  Aik.  Ar. 


The  reaction  between  dlvlnyl  ketones  with  a  free  vinyl  group  and  ammonia  [^oceeds  with  the  greatest  dif¬ 
ficulty  to  give  only  small  yields  of  the  conespondlng  piperidonfes  as  derivatives. 

The  conversion  of  divinyl  ketones  to  heterocyclic  compounds  was  an  outstanding  accomplishment  and  it 
made  possible  the  syntiiesis  of  physiologically  active  materials.  Thus,  starting  with  y-piperidones,  4-phenyl- 
piperidols  were  prepared,  whose  etliers  have  an  exceptionally  high  anesthetic  activity.  The  hydrochloride  of 
l,2,5-trimethylpiperidol-4  propionate  is  now  widely  used  in  medicine,  under  the  name  of  "promedol,"  as  a  sub¬ 
stitute  for  morphine  and,  since  1953,  has  been  produced  on  an  industrial  scale  by  the  following  scheme  [20]: 


700 


CII, 


c:ii. 


cila— c-c— C— CM-^^CFI,  -►  CIU^C— C=C— (:H:=CI 

■  I 
on 


o 

II 

\/\ 


C1!,NM, 


O 

CHn  II 


^  \ 

I 

CH3 


0flH5  oil 

CM3  \/ 


C.H.H 


C,H,COCl 


\ 

CII3 

Cf,n5  ococ,H6 
CM:,  \/ 

x/X 


MCI 


I  CM3 

CM  3 


CM, 


CM, 


promedol 


In  contrast  to  morphine,  promedol  does  not  have  a  habit -forming  effect  (morphism)  on  patients  and  is 
therefore  safer  for  clinical  use  and  its  effect  is  greater  by  a  factor  of  2-3  than  that  of  morphine.  The  promedol 
stereoisomer,  isopromedol,  which  is  obtained  as  a  side  product,  is  more  active  than  morphine  by  a  factor  of  4-5. 

Using  this  method,  various  y-piperidols  with  aliphatic,  alicyclic  and  aromatic  substituents  in  the  piperidine 
ring,  as  well  as  piperidines  with  condensed  cyclic  systems  were  synthesized. 


Investigations  in  the  Field  of  Acetylene  and  Diene  Syntheses 

I.N.  carried  out  extensive  investigations  in  the  field  of  diene  synthesis.  First  of  all,  we  should  mention  the 
metliods  he  developed  for  the  preparation  of  various  dienes,  starting  from  acetylene  alcohols,  by  the  scheme; 
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The  acetylene  alcohols  needed  for  tliis  synthesis  were  first  prepared  by  Favorskii's  method  by  treating  ke¬ 
tones  with  acetylene  in  the  presence  of  powdered  potassium  hydroxide.  Aldehydes  and  aliphatic -aromatic  and 
aromatic  ketones  did  not  undergo  this  reaction.  However,  it  was  found  that  on  carrying  out  the  reaction  under 
pressure  the  rate  of  the  process  increased  to  such  an  extent  tliat  it  was  possible  to  condense  with  acetylene  alde¬ 
hydes  and  ketones  of  the  most  varied  structure,  including  such  alkali -sensitive  aldehydes  as  acetaldehyde  and 
inert  ketones  of  the  acetophenone  and  benzophenone  types  [21].  The  acetylene  alcohol  yields  were  increased 
considerably  by  the  addition  of  small  amounts  of  ethanol  or  butanol.  Acetaldehyde  gave  43*7o  of  the  correspond¬ 
ing  alcohol,  propanol,  45*70  and  cyclohexanone  and  acetone,  over  90*70.  The  development  of  a  simple  method  for 
the  preparation  of  acetylene  alcohols  allowed  a  new  approach  to  the  synthesis  of  a  series  of  important  dienes, 
including  isoprene,  which  are  required  for  the  preparation  of  rubbers. 

These  investigations  were  closely  connected  to  otlier  fields  being  developed  by  I.N.,  such  as  his  work  on 
the  synthesis  of  isoprenoids  and  steroid  compounds.  They  also  gave  an  impetus  to  theoretical  investigations  in 
tlie  field  of  the  stereochemistry  and  laws  of  diene  synthesis.  The  structiual  direction  of  the  reaction  of  1 -sub¬ 
stituted  butadienes  with  unsymmetrical  dienophiles  was  studied  on  the  example  of  piperylene.  Here  a  mixture  of 
adducts  was  always  formed  and  this  contained  85-90*70  of  ortho-isomers  and  5-15*70  of  meta-isomers  [22]. 
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In  tlie  condensation  of  isoprene  and  odier  2 -substituted  dienes  with  unsymmetrical  dienophiles,  a  mixture  of 
adducts  was  also  formed  and  diis  contained  80-90*7o  of  para -isomers  and  10-20*7o  of  meta -isomers. 
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With  an  Increase  in  the  volume  of  the  substituents  both  in  the  diene  and  in  the  dienophile,  the  percent  of 
the  meta -isomer  fell  and,  for  example,  in  the  condensation  of  2-tert  -butylbuta diene  witii  a -isopropylacrylic 
acid,  the  para -isomer  was  obtained  exclusively.  The  condensation  of  1,2 -substituted  dienes  with  unsymmetrical 
dienophileshadanalmost  unidirectional  character  and, in  most  cases,  led  to  the  formation  of  only  ortho -isomers. 

I  -0 

\x 

Interesting  results  were  obtained  in  die  dimerization  of  isoprene.  It  was  found  that  at  low  temperatures 
(100*),  despite  the  usual  structural  direction,  Isoprene  dimerized  with  die  formation  of  mainly  the  meta -isomer 
(diprene,  60-65*^),  while  at  200-250*  the  dimerization  proceeded  by  the  normal  scheme  and,  in  this  case,  the 
main  dimer  was  the  para -isomer  (dipentene,  70-75*^).  hi  addition  to  all  the  four  possible  six-membeied  dimers, 
3-5*^  of  two  Isomeric  dimethylcyclooctadlenes  were  also  isolated  in  the  dimerization  of  isoprene  [23], 

*xix 

I 


Despite  the  fact  that  many  chemists  were  occupied  with  investigating  die  dimerization  of  isoprene  for 
several  decades,  this  Involved  problem  was  only  finally  solved  after  the  work  of  LN.  Nazarov;  in  parallel,  a  study 
was  also  made  of  the  dimerization  of  trans-piperylene  and  It  was  shown  that,  in  this  case,  the  direction  of  the 
reaction  did  not  depend  on  temperature  and  led  to  the  formation  of  all  the  theoretically  possible  dimers  with 
strong  predominance  of  the  ortho -Isomer. 

Diene  condensation  involving  gem -substituted  dienes  proceeded  peculiarly.  1,1-Dimethylbutadiene  and 
1,1,4,4-tetramediylbutadiene  underwent  diene  synthesis  only  after  preliminary  isomerization  into  the  1,3-disub- 
stltuted  dienes. 


Investigations  on  the  Synthesis  of  Steroid  Compounds 

The  first  works  on  the  synthesis  of  steroid  compounds  were  undertaken  on  the  basis  of  a  diene  synthesis. 

Thus,  the  condensation  of  2-methoxybutadiene  with  methylcyclohexenone  yielded  a  mixture  of  methoxyoctalones, 
which  condensed  widi  acetylene  to  give  a  mixture  of  acetylene  alcohols  (la)  and  (Ib). 
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Acid  hydrolysis  of  these  alcohols  gave  acetylene  alcohols  (Ila)  and  (Ilb),  which  were  readily  separated  by 
crystallization.  Selective  hydrogenation  of  the  latter  into  vinylcarbinols  and  subsequent  dehydration  led  to  bi> 
cyclic  ketodienes,  l-vlnyl-9-methyl-A^"Octalone-6  and  1 -vinyl -9 -methyl- A^-octalone-7,  the  first  of  which 
condensed  with  2,4-dlmethyl-A*-cyclopentenone-l  to  give  a  mixture  of  stereolsomeric  tetracyclic  steroid  dike- 
tones  [24], 
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Determination  of  the  structures  of  the  latter  showed  [25]  diat  all  the  stereoisomers  had  a  keto  group  in  posi¬ 
tion  15  and  differed  from  each  odier  only  in  ^e  steric  disposition  of  the  hydrogen  atom  at  Cg  and  the  substituents 
(H  and  CHg)  at  C15-C14. 


By  this  method  it  was  possible  to  obtain  not  only  Isomers  of  androstane  derivatives,  but  also  of  estrane  [26]. 
The  l-vinyl-6-methoxy -3,4 -dihydronaphthalene  (HI)  required  for  tibls  was  obtained  by  two  methods.  In  the  first 
method,  6-methoxytetralone  was  condensed  with  acetylenemagnesium  bromide  (obtained  at  -70*  from  etiiyl- 
magnesium  bromide  and  acetylene)  under  pressure  into  an  acetylene  alcohol,  which  was  converted  into  the  diene 
by  dehydration  and  subsequent  hydrogenation.  The  second  method  consisted  of  the  action  of  vlnylmagneslum 
bromide  on  m ethoxy tetralone;  tiie  vinylcarblnol  (IV)  tfias  formed  gave  diene  (III)  on  dehydration. 
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Condensation  of  die  diene  with  cyclopentenone  yielded  two  steroid  ketones  with  keto  groups  in  positions 
15  and  17. 


Cyclic  unsaturated  sulfones  (see  section  on  heterocycles)  were  also  used  as  the  dienof^ile  and  this  gave 
steroid  compounds  with  a  sulfur  hetero  atom  in  ring  D. 

The  diene  condensation  naturally  yielded  compounds  with  cis-coupling  of  rings  A  and  B  and  C  and  D.  For 
the  preparation  of  steroid  compounds  with  trans -coupling  of  the  rings,  anodier  method  was  found  and  this  com¬ 
bined  the  diene  synthesis  with  the  Michael  condensation  [27]. 


(V) 


Condensation  of  dienone  (V)  with  quinone,  with  subsequent  reduction  and  isomerization  on  alkaline  alumi 
num  oxide,  yielded  trlketone  (VI).  To  remove  the  keto  group  in  position  15,  this  triketone  was  hydrogenated 
with  Raney -Ni  to  ketodlol  (VII).  The  series  of  reactions  presented  in  the  scheme  below  yielded  the  diacetate  of 
D  -homo  - 18  -nor  -  A*  -androstenedlol  -3 , 17  a  (  VIII). 


Compounds  (VII)  and  (VIII)  showed  an  activity  close  to  die  activity  of  androsterone  [28]. 

To  prepare  compounds  with  a  keto  group  in  position  17,  as  in  natural  steroids,  the  following  chain  of  reac 
tions  was  also  accomplished  on  the  example  of  decalone; 
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On  the  basis  of  dlhydroresOTcinol,  various  analogs  of  steroid  compounds  were  also  synthesized,  for  example, 
analogs  with  ring  B  open  [29]. 
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Since,  of  the  natural  steroids,  there  is  especial  interest  in  the  adrenocortical  hormones  with  a  hydroxyace- 
tone  or  a  dlhydroxyacetone  grouping  in  position  17,  work  was  undertaken  on  a  search  for  simple  and  convenient 
metfiods  of  introducing  these  groups. 

For  the  preparation  of  a  glycerol  chain,  the  so-called  glycide  method  was  developed  and  this  consists  of 
oxidizing  allyl  alcohols  with  hydroperoxides  and  subsequent  hydrolysis  (or  acidolysis)  of  the  epoxy  alcohols 
formed  [30]. 


OH  O 


CHOHCHjOH 


With  an  asymmetric  carbon  atom  in  the  ring,  oxidation  of  the  primary  and  tertiary  allyl  alcohols  must  lead 
to  compounds  of  different  steric  configurations,  which  is  important  for  physiological  activity. 

For  the  preparation  of  a  glycerol  or  a  dlhydroxyacetone  chain,  the  bromohydrin  method  was  found  to  be 
convenient  and  this  consists  of  oxidizing  tertiary  acetylene  alcohols  with  N-bromoacetamlde  or  hypobromous 
acid,  hi  the  case  of  acetates  of  the  alcohols,  the  bromohydrins  obtained  were  readily  hydrolyzed  into  the  glycerol 
derivatives  referred  to  above.  By  oxidation,  the  bromohydrins  could  be  converted  into  a  bromo  ketone  and  hy¬ 
drolysis  of  the  latter  gave  a  compound  containing  a  dlhydroxyacetone  chain. 
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The  addition  of  two  molecules  of  hypobromous  acid  to  the  acetate  of  the  acetylene  alcohol  quantitatively 
formed  the  dibromo  ketone  (DC),  which  was  debrominated  to  give  the  acetate  of  1-acetylcyclohexanol-l.  Hy¬ 
drolysis  of  the  dibromo  ketone  led  to  isomerization  into  a  glyceric  acid  derivative  (X). 
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Similar  conveniom  were  accomplished  also  with  ortho -substituted  cyclohexanones,  o-methylcyclohexanone 
and  els-  and  trans-a-decalones,  whereby  die  configurations  of  all  the  compounds  were  strictly  proved. 


Investigations  in  the  Field  of  the  Stereochemistry  of  Carbocycllc  and  Heterocyclic 
Compounds 

LN.  Nazarov  attached  extremely  great  importance  to  the  study  of  stereochemistry,  especially  in  the  field 
of  natural  compounds  and,  in  particular,  of  steroids,  due  to  which  broad  investigations  of  the  stereochemistry  of 
cyclic  compounds  were  undertaken.  With  tills  aim,  a  detailed  study  was  made  of  the  sterlc  direction  of  some 
diene  condensations,  with  the  help  of  which,  the  syntiiesls  of  stereoisomers  of  cyclic  mono-  and  dl carboxylic 
acids  was  accomplished.  Thus,  it  was  found  tiiat  the  condensation  of  1-vlnyl-A^ -cyclohexene  with  acrylic  ester 
at  50*  gave  the  syn -isomer  (XI)  as  the  main  reaction  product,  while  at  170*  a  mixture  of  isomers  was  formed 
from  which  was  isolated  25*70  of  the  syn-isomer  (XI)  and  32*yo  of  the  antl-isomer  (Xn).  The  condensation  of  vinyl- 
cyclohexene  with  maleic  anhydride  proceeded  with  a  similar  selectivity  and  at  0*  yielded  a  mixture  of  the  syn- 
cls-adduct  (Xni)  and  the  anti -els -adduct  (XIV)  in  a  ratio  of  10:1  [31]. 


With  maleic  anhydride,  trans-l,2-dimethylbutadlene  gave  only  the  endo-adduct.  The  reaction  with  1-a- 
acetoxyvinylcyclohexene  had  a  different  character  and  proceeded,  even  under  mild  conditions,  contrary  to  the 
rule  of  the  maximum  accumulation  of  unsaturation.  Thus,  in  the  condensation  of  this  diene  with  acrylic  ester, 
even  at  low  temperature  the  anti-adduct  was  formed  predominantly  and  the  relative  amount  of  it  fell  with  an 
increase  in  temperature,  while  the  percent  of  the  syn-adduct  increased  simultaneously  [32].  Condensation  of 
acetoxyvinylcyclohexene  with  maleic  anhydride  at  0*  led  predominantly  to  the  ahti -els -adduct. 


A  detailed  study  of  the  interconversions  of  adducts  (Xni)  and  (XIV)  (isomerization  of  the  half  esters  and 
diesters  with  sodium  methylate,  thermal  isomerization,  hydrogenation  and  hydrogenolysis  of  the  ketolactonoacids) 
made  it  possible  to  synthesize  seven  stereoisomers  of  decalin-l,2-dicarboxylic  acid  (of  tiie  eight  possible)  and 
prove  their  configurations  and  conformations.  The  eighth  Isomer  (trans-syn-trans-)  must  be  unstable  since  it  can 
only  exist  (in  the  case  of  the  chair  form  of  the  ring)  with  a  dlaxial  disposition  of  the  carboxyl  groups,  i.e.,  an 


706 


energetically  disadvantageous  structure.  Its  anhydride  must  possess  a  bed-fOTm  structure.  The  fact  tliat  this  iso¬ 
mer,  whose  existence  is  energetically  improbable,  was  not  obtained  confirms  the  accuracy  of  the  configurations 
assigned  to  the  other  seven  isomers. 


Trans -syn-trans -isomer  ^ 


A  similar  Investigation  was  also  made  on  the  adducts  of  1,2 -dlmethylbuta diene  with  maleic  anhydride.  In 
this  case,  the  cyclohexane  ring  was  capable  (in  contrast  to  the  rigid  decalin  system)  of  ready  conversion  by  which 
an  axial  group  was  ccHiverted  into  an  equatorial  one  and  thus  (see  scheme)  die  preparation  of  the  trans-cis-trans- 
isomer  (analogous  to  the  trans -syn-trans -compound  presented  above)  became  possible.  Actually,  all  ei^t  of  the 
theoretically  possible  isomers  of  3,4-dimethylcyclohexane-l,2-dicarboxylic  acid  were  synthesized  [33]. 

An  interesting  rule  was  observed  in  the  oxidation  of  the  stereoisomerlc  adducts  with  peracetic  acid  and  os¬ 
mium  tetroxide.  For  example,  the  oxidation  of  syn-  and  antl-A^-octalin-l-carboxyllc  acids  proceeded  similarly 
to  hydrogenation,  i.e.,  from  the  opposite  direction  to  the  shielding  carboxyl  group.  On  the  other  hand,  the  oxida¬ 
tion  of  syn-cis-A*“OCtalin-l,2-dlcarboxyllc  acid  did  not  proceed  selectively  and  led  to  a  mixture  of  a-  and  fl- 
oxides. 

Stereochemical  investigations  were  also  carried  out  on  heterocyclic  compounds.  Thus,  all  four  theoretically 
possible  racemates  of  the  dioxides  of  2-methylhexahydro-l-tiiiochromanone-4  were  obtained  by  the  scheme  pre¬ 
sented  below. 

Under  the  action  of  sodium  methoxlde,  the  cls-sulfones  (XVa)  and  (XVb)  were  readily  Isomerized  into  the 
trans-isomers  (XVIa)  and  (XVlb)  [34]. 

Interesting  conversions  were  accomplished  on  the  example  of  2-methyldecahydroqulnolones-4.  The  action 
of  ammonia  on  propenyl-A^-cyclohexenyl  ketone  formed  two  stable  isomeric  trans -decahydroquinolones  (XVHa) 
and  (XVnb).  Treatment  of  them  with  hydrogen  chloride  yielded  the  hydrochlorides  of  the  isomeric  cls-decahy- 
droquinolones  (XVnia)  and  (XVIIIb),  which  were  extremely  unstable  as  the  free  bases  and  changed  Into  the  stable 
trans -isomers  (XVIIa  and  h)  during  storage  or  on  heating. 
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Reduction  of  the  alkali -stable  trans-isomers  (XVIIa  and  ^  by  tfie  Kizhner  method  and  reduction  of  the  acid- 
stable  els -Isomers  (XVMa  and  b)  by  the  Clemmensen  method  gave  all  four  possible  stereoisomers  of  2-methyl- 
decahydroquinoline. 
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Investigation  in  the  Field  of  Isoprenolds 

The  successful  condensation  of  aldehydes  and  ketones  with  acetylene  under  pressure  (see  above)  made 
various  vinylcarbinols  and  dienes  accessible  and  opened  up  a  mediod  of  synthesizing  isoprenolds,  which  LN.  be¬ 
gan  to  develop  in  1954.  'fteatment  of  dimethylvinylcarbinol  with  hydrogen  chloride  or  bromide  gave  the  primary 
halides  and  treatment  of  these  witfi  acetoacetic  ester  in  the  presence  of  sodium  hydroxide  (with  subsequent  hy¬ 
drolysis  and  decarboxylation)  yielded  methyUieptenone,  the  main  starting  material  for  the  synthesis  of  isofx'enoids. 
Methylheptenone  was  also  prepared  by  two  other  methods;  condensation  of  dimethylvinylcarbinol  with  acetoacetic 
ester  (yield  60-65*^)  and  pyrolysis  of  the  acetoacetate  of  dimethylvinylcarbinol  (yield  65-70*70). 
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65-70% 


Ethynylatlwi  of  methylheptenone  led  to  dehydroUnalool,  which  gave  a  high  yield  of  pure  linalool  on  selec¬ 
tive  hydrogenation  [55].  Its  isomerization  into  a  mixture  of  geraniol  and  nerol  was  also  accomplished;  here  the 
yield  was  50-55*70,  while  not  more  than  30*7o  could  be  obtained  up  to  that  time. 


On  the  basis  of  linalool  and  using  the  same  scheme  for  building  up  the  isoprenoid  chain  (synthesis  with 
acetoacetic  ester  or  dlketene,  ethynylation,  hydrogenation  .and  isomerization),  nerolidol.  famesol,and  geranyl- 
geraniol  were  prepared. 


Synthesis  with  CH^OCHjCOOCjHg,  yield  64*70 


708 


With  appropriate  changes  (hydrogenation  of  the  intermediate  ketones),  the  same  scheme  was  used  for  the 
syndiesis  of  phytol,  an  important  natural  diterpene  alcohol,  forming  part  of  die  chlorophyll  molecule. 

The  condensation  of  dehydroUnalool  and  3-methyldehydrollnalool  with  acetoacedc  ester  yielded  mote 
than  50*7o  of  pseudolonone  and  pseudoirone,  whose  cycUzatlon  led  to  -ionone  and  Irene. 


CHjCOCH.COOC,!!, 
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In  a  further  series  of  reactions,  it  was  possible  to  proceed  from  fl -ionone  to  4,5-dihydroisovltamin  A. 


o,S-dihydiolsoYitamin  A 


The  synthesis  of  vitamin  A  Itself  by  this  method  met  with  great  difficulties  and  therefore  a  different  and 
more  convenient  method  was  chosen,  which  was  based  on  the  condensation  of  acetals  of  aldehydes  with  1-alkoxy 
butadienes,  which  had  never  been  used  for  this  purpose  {deviously.  Here  addition  proceeded  in  the  l,4-po8ltion 
and  the  chain  was  immediately  lengthened  (in  the  case  of  1- ethoxy isoprene)  by  5,  10,  and  even  15  carbon  atoms 
[36]. 

OCaHs  CHs 

(CH3)jC=CHCH(OC2H6),  ^h.=C(CH,^h=choc,h^  (CH3)2C=CnCHCH2C=CHCH(OC2H5),+ 
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+  (CH3)2C=CH|  CHCH2C=CH  I  CH(OC2Hb)2  + 

VoCsHb  4 
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/  CHg  N 
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VdcolU  A 

In  an  acid  medium,  die  alkoxyacetals  obtained  were  readily  hydrolyzed  and  dehydrated  with  the  formation 
of  polyene  aldehydes. 
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(CH.,)2C=CHCHCH,C=CHCH(0C2H5)2  (CHa)2C=CHCH=CHC=CHCHO 
OCjHs 

By  this  method,  ionylundenacetaldehyde  and  vitamin  A  dlethoxyaldehyde  were  prepared  from  cyclocitral. 


0C.H, 


m  the  case  of  crotonaldehyde  acetal,  by  the  gradual  build-up  of  the  chain  by  two  carbon  atoms  (condensa¬ 
tion  with  vinyl  ethyl  ether)  or  by  four  carbon  atoms  (condensation  witii  1 -ethoxybutadlene),  it  was  possible  to 
synthesize  practically  any  polyenaL 
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CH3(CH=CH),CH0  CH3(CH=CH)2CH(OC8H6)CH2CH(OC2Hp)o 

The  condensatirai  of  acetals  with  isopropenyl  ether  by  die  same  method  yielded  polyene  ketones. 
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Other  Works 

Besides  the  work  which  may  be  assigned  more  or  less  definitely  to  one  of  the  secticHis  examined,  LN.  Naza* 
rov  has  left  in  his  scientific  legacy  Important  investigadons,  which  do  not  belong  formally  in  the  divisions  cov¬ 
ered  here,  but  are  quite  valuable  and  sometimes  are  the  beginning  of  new  trends.  Thus,  the  investigation  of  the 
electrophilic  substitution  of  aromatic  hydrocarbons  was  found  to  be  very  interesting.  It  was  established  diat,in 
this  process,  the  steric  factor  played  an  impMtant  role.  Although  chloromethylatlon  of  toluene  (or  of  chloro- 
mediylbenzene)  gave  approximately  equal  amounts  of  ortho-  and  para -isomers,  ethylbenzene  gave  30%  of  the 
ortho-isomer,  cumene  gave  15%,  while  text  -butylbenzene  did  not  form  any  at  alL  A  similar,  though  less  sharply 
ex{M:essed,  rule  is  observed  in  nitration  also.  Toluene  gave  67%,  cumene,  40%  and  tert  -butylbenzene,  12%  of  the 
ordio -isomer  [37]. 
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As  indicated  above,  dlhydroresorclnol  and  methyldihydroresorcinol  are  extremely  promising  starting  ma¬ 
terials  for  the  syntliesls  of  steroid  compounds.  However,  conversions  of  the  cyclohexanediones  themselves,  es¬ 
pecially  addition  reactions,  are  also  of  considerable  independent  interest.  Thus,  in  the  presence  of  alkali,  dime- 
done  is  capable  of  adding  acrylic  ester,  acrylonitrile,  maleic  acid  and  other  a , fl -unsaturated  compounds.  Similar 
conversions  were  accomplished  for  dihydroresorcinol  also.  It  is  Interesting  to  note  that  these  condensations  pro¬ 
ceed  despite  the  high  enolizabillty  of  cyclohexanediones,  which  hinders  the  Michael  reaction  [38]. 

As  can  be  seen  from  this  short  review,  the  investigations  of  Academician  LN.  Nazarov  are  distinguished 
both  by  the  breadtli  and  the  deptli  of  the  projects.  Each  of  his  new  works  and  each  trend  was  organically  bound 
to  the  previous  ones  and  stemmed  from  them  logically.  The  investigations  of  LN.  on  the  chemistry  of  acetylene 
and  vinylacetylene,  the  syntlieses  of  physiologically  active  (anesthetic)  substances,  the  syntheses  of  steroid  com¬ 
pounds,  and  the  investigations  in  the  field  of  stereochemistry,  diene  synthesis,  heterocyclic  compounds,  Isojurenoids, 
cycUzation,  and  isomeric  conversions  form  part  of  the  golden  fund  of  Soviet  chemistry. 
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ANESTHETICS 


XXK.  INVESTIGATION  OF  l-PHENYL-S-METHYL-S-AMINOPROPANOLS 
AND  THEIR  ACYL  DERIVATIVES 

I.N.  Nazarov*  and  E.M.  Cherkasova 

M.V.  Lomonosov  Institute  of  Fine  Chemical  Technology,  Moscow 


Over  the  last  ten  years  we  have  systematically  syntiiesized  various  esters  of  phenylalkyl-6-aminopropanols, 
among  which  were  found  substances  with  considerable  physiological  activity,  and  have  elucidated  the  effect  on 
the  physiological  activity  of  one  or  two  metiiyl  groups  in  the  positions  a  and  a, a  to  the  hydroxyl  group  In  the 
propanol  chain  [1, 2].  The  effect  of  a  metiiyl  group  in  the  6 -position  remained  obscure. 

We  decided  tiiat  it  was  necessary  to  synthesize  and  examine  the  esters  of  l-alkyl-l-phenyl-3-metfiyl-3- 
aminopropan-l-ols,  whose  synthesis  is  published  in  the  present  communication.  There  is  very  little  in  the  litera¬ 
ture  on  this  problem.  The  individual  examples  published  are  not  systematic  and  are  of  a  random  nature  [3**6]. 


Solitary  papers  [7,  8]  report  the  positive  effect  of  similar  branching  in  the  B -position  on  the  physiological 
activity  of  certain  amino  ketones  [8]  and  compounds  of  the  monoalkylaminoethyl  ester  type,  accompanied,  it  is 
true,  by  the  negative  property  of  these  esten  [7]  of  producing  vasodilation. 


The  starting  material  used  for  tiie  synthesis  of  the  compounds  listed  was  phenyl  propylenyl  ketone,  which 
was  treated  with  dlmethylamine  and  piperidine  to  give  fl -uimethylaminobutyrophenone  (I)  and  fl-(N-plpetidyl)- 
butyrophenone  (II). 


CH, 


.CHs 


QjHs— C0-CH=CH-CH3 


C8H5-CO-CH2-CH-N/ 

(I) 

CH, 

CoHg-CO-CHa— CH—  O 


(II) 


The  amino  ketones  (I)  and  (K)  obtained  were  unstable  and  decomposed  considerably  on  distillation,  even 
in  vacuum.  When  hydrogenated  over  Ni“Pd-catalysts  they  were  cleaved  to  a  considerable  degree  to  sectxidary 
amines  and  butyrophenone. 

We  paeviously  noted  this  phenomenon  with  other  examples  [9].  The  reduction  of  fl-dimediylamlnobutyro- 
phenone  (I)  with  aluminum  iso{»opoxide,  zinc  and  hydrochloric  acid,  sodium  in  aqueous  alcohol  and  sodium 
amalgam  (3  and  Vh)  was  unsuccessful  and  also  led  to  deamination  products. 

It  is  interesting  that  similar  amino  ketones,  containing  a  CHj  group  in  the  position  a  to  the  CO  group  or 
without  it  (HI— Vni)  are  reduced  normally,  giving  hi^  yields  of  the  corresponding  amino  alcohols.  Transfer  of 
the  methyl  group  from  the  a  to  the  B  -position  leads  to  practically  complete  deamination  of  amino  ketones  (I) 
and  (I]0  during  reduction.  The  presence  of  two  CHj  groups  in  the  a  -position  confers  an  increased  stability  on  the 
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compounds:  tlius,  ketones  (HI)  and  (IV)  may  be  distilled  without  decomposition.  We  should  note  tfiat  tiieir  prep¬ 
aration  gives  comparatively  worse  yields  than  in  the  case  of  (I,  n  and  V-Vni)  [2]. 


CH3  CHs 

\/  / - V 

CeHs-CO-C-GHj-N  \ 

(IIDPI 

CH3 

CeHB-CO-cll-CHj-N  N 

(V)C'] 

CaHs-CO-CHj-CIIa-N  ^ 


CH3  CH3 

\/ 

CaH6-CO-C-CH2-N(CH3)2 

(IV)I*] 

CH3 

CaHj-CO— CH-CH2— N(CH3)2 
(VI)('J 

CaH5-CO-CH2-CH2-N(CH3)2 


The  conversion  of  the  j3-amlnobutyrophenones  (I  and  II)  into  the  conesponding  tertiary  amino  alcohols  was 
accomplished  by  means  of  organolithium  and  magnesium  compounds. 

OH  CH3 

(I)  CaHB-C-CH2-CH-N(CH3)2 

I 

R 

(IX)  R=CH„  (X)  It  =  C,H,. 

OH  CH3 

(II)  CaHB-C-CH2-CH-N/  N 

I  ^ ^ 

R 

(XI)  R=CH,  (a -isomer),(Xii)(/3 -isomer), 

(XIII)  R=c,ii,(a  4somerRXiV) (d  -isomer). 

These  amino  ketones  behaved  differently  at  this  stage.  With  RMgX,  fl-dimethylaminobutyrophenone  (I) 
gave  the  corresponding  alcohols  in  insignificant  yields,  due,  as  our  experiments  showed,  to  enolization  of  (I)  un¬ 
der  the  action  of  Grl guard  reagents.*  The  use  of  CH|Li  and  C^HgLi  increased  the  yield  to  28^. 

The  other  ketone,  0-(N-plperidyl)-butyrophenone  (U),  reacted  with  Mg-organlc  reagents  in  die  usual  way, 
giving  63-70*7o  yields  of  the  desired  amino  alcohols.  In  accordance  with  theory,  in  each  case  it  was  possible  to 
isolate  two  dlastereolsomeric  forms  of  the  amino  alcohols  (XI— XIV),  which  we  provisionally  designated  asa- 
and  0 -forms.  All  those  compounds  whose  hydrochlorides  melted  at  lower  temperatures  than  the  corresponding 
hydrochlorides  of  the  0 -isomers,  we  designated  a  -isomers.  Some  of  the  experimental  results  are  presented  in 
Table  1. 

As  the  data  in  Table  1  show,  the  n^  values  of  the  a-isomeo  are  higher  than  those  of  the  corresponding  0  - 
isomers,  the  melting  points  of  the  hydrochlorides  of  the  a -isomers  are  lower  than  those  of  the  0 -isomers  and  the 
latter  are  less  soluble  in  water.  In  the  reactions  widi  most  of  die  amino  ketone  bases,  the  yields  of  the  0  -isomen 
were  1.7 -2. 5  times  greater  than  those  of  the  corresponding  a -isomers,  however,  it  was  possible  to  increase  the 
yield  of  the  latter  if  die  amino  ketone  hydrochlcMride  (U)  was  used. 

The  amino  alcohols  obtained  were  esterified  widi  benzoyl,  cinnamyl,  0 -phenoxypropionyl  and  phenoxy- 
acetyl  chlorides  under  various  conditions.  Despite  its  apparent  simplicity,  this  stage  of  the  reaction  often  involved 
great  difficulties.  In  a  series  of  cases  it  was  impossible  to  isolate  crystalline  hydrochloride  of  the  esters  by  the 
usual  methods.  Successful  results  could  only  be  obtained  after  prolonged  drying  in  vacuum. 

Some  of  the  esters  were  also  prepared  by  the  action  of  the  acid  chlorides  on  the  sodium  and  magnesium 
alcoholates  (see  scheme,  below). 


The  yields  of  the  esters  obtained  (as  hydrochlorides)  are  presented  in  Table  2. 


*LN.  Nazarov  et  al.  recently  described  examples  of  the  high  tendency  for  enolization  in  the  y-piperidone  series 
under  Grignard  reaction  conditions  [10]. 
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C,H6^  ^OCOR' 


c 

r/^  \cH2 

CH-CH., 

n1cH5)2 


N/' 

c 

R^^CH- 

I 

CH-CIl 


3 


(XV)  R=CH,; 
(XVI)  R  =  CH,; 
(XVll)  R  =  CH,; 
<XVI11)  R  =  CH,; 
(XIX)  R  =  C,Hi; 
(XX)  R  =  C,H,; 


R'  =  C,H. 

R'  =  C,HiCH*-cn 
K'  =  C,H,OCH, 

R'  =  C,IUOCH,CH, 
R'  =  C,H, 

R'  =  C,II,CII=CH 


(XXI)  R 
(XXII)  R 
(XXIII)  R 
(XXIV)  R 
(XXV)  R 
(XXVl)  R 
(XXVII)  R 
(XXVIII)  R 
(XXIX)  R 
(XXX)  R 
(XXXI)  R 
(XXXII)  R 


R=( 


(sisomei);  R' 
(Piaomen;  R' 
(»4someD:  R' 
(PisomeD;  R' 
(■■IpomeD;  R' 
(PlSanaf ;  r' 
(d-Isomei);  R' 
(pJsome^:  r' 
(o-isomei);  R' 
(P  isoineQ;  R' 
(•-IsomeD;  R' 
(P-Isomei);  R' 


C,H, 

C.H. 

C,H,OCH, 

C,H»OCH, 

C,HtOCH«CH, 

C,H,OCH,CH, 

C.H, 

C,H. 

C.H.OCH, 
C,H,OCH, 
C,H»OCH,CH, 
=  C,H»OCH,CHt 


Analysis  of  the  experimental  material  shows  a  characteristic  trend  in  the  behavior  of  the  sfhrting  components 
in  the  esteriHcation  reaction. 


Among  the  fl-(N -pi peridyl) -propanols  (Judging  by  the  amount  of  the  original  alcohols  recovered),  in  cer¬ 
tain  cases  die  a  -isomers  are  esterified  more  readily  than  the  corresponding  B  -isomers,  aldiough  the  average  yield 
of  esters  of  the  a -isomers  is  38^o  and  of  the  B -isomers,  49®7o.  The  benzoyl  and  also  the  phenoxyacetyl  radicals 
replace  the  hydroxyl  hydrogen  with  more  difficulty  than  the  fl -phenoxypropionyl  radicaL  The  two  types  of 
aminopropanols  investigated,  both  with  the  dimethylamino  and  the  piperidino  residues  (K-XIV),  substituted  with 
a  methyl  in  position  1,  ate  esterified  more  readily  than  their  1 -ethyl  substituted  homologs. 


TABLE  1 

OH  CH, 

c,H,-(!:— ch,-(1h— 

I  \ 

R 


■o 

M.p.  of 
hydro¬ 
chloride 

Isomer  yield  (in(7») 

9*  o 

i  ^ 

0 

R 

K 

I-orm  ot 
isomer 

"D 

calc,  on 
oiiginal 
amino 
ketone 

calc,  on 
amino 
Well  me 
hydro¬ 
chloride 

Notes 

(XI) 

CH3 

CsH.oN 

a 

1.5220 

159® 

17.1 

With  GHjMbI  in¬ 
stead  of  uH^gBr, 
yieW  of  (XI)  and 

(XII) 

CH3 

CjHioN 

p 

1.5177 

230 

45.3 

_ 

(XII)  fell  to  ePh 

<XIII) 

Callg 

CgHioN 

a 

1.5195 

187— 18S 

25.5 

38.6 

(XIV) 

(IX) 

C5H.5N 

N(Cil3)2 

p 

1.5157 

234—235 

182—183 

44.5 

28.6 

CHsJLi  was  used 

(X) 

CzHj 

N(CH3)2 

168—170 

(^{HsLl  was  used 

The  phenomena  described  above,  especially  the  difficulties  in  achieving  esterification,  apparently  may  be 
explained  by  steric  hindrance.  The  tendency  for  the  formation  of  an  intramolecular  hydrogen  bond  is  an  indica  - 
tion  of  the  proximity  of  the  hydroxyl  group  and  the  substituted  amino  group  and,  consequently,  the  other  groupings 
at  the  B  -carbon  atom  (relative  to  the  carbon  atom  not  bearing  the  hydroxyl  group).*  Actually,  for  both  of  the 
diastereoisomeric  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propanols  (XI  and  XII)  in  carbon  tetrachloride  solution 


•The  audiors  would  like  to  thank  G.L  Samokhvalov  and  L.V.  Luk’yanova  for  help  in  plotting  and  interpreting  the 
infrared  absorption  spectra. 
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Infrared  absorption  spectra  of  1,3-dimethyl-l- 
phenyl-(N -piperidyl) -propan -1-ols  in  carbon  tet¬ 
rachloride  (0.5-l*7o  solution);  1)  (XI)  a -form; 

2)  (xn)  0  -form. 


on  the  ease  of  esterification  as  is  observed,  for  example, 


a  displacement  in  vibration  frequency  toward  longer 
wavelengths  and  shorter  frequencies  is  observed  and  die 
frequencies  equal  3190  cm“^  for  the  a -form  (XI)  and 
3195  cm"*  for  die  0-form  (XII).  At  the  given  solution 
concentration,  the  substances  may  be  considered  as  un¬ 
associated  and  their  molecules  as  single,  monomeric 
and  surrounded  by  solvent  molecules.  Likewise,  the  ef¬ 
fect  of  single  molecules  on  each  other  is  excluded. 
Consequently,  the  displacement  of  the  vibration  fre¬ 
quency  of  die  hydroxyl  group  is  caused  solely  by  the 
presence  of  an  intramolecular  hydrogen  bond  and  not 
by  intermolecular  bonding.  The  presence  of  steric  hin¬ 
drance  is  particularly  strongly  expressed  in  benzoylatlon, 
where  the  relatively  large  volume  of  the  phenyl  nucleus 
with  the  carboxyl  group  causes  the  greatest  difficulty  in 
the  approach  of  the  reacting  molecules.  In  addition, 
the  si2e  of  the  alkyl  group  on  the  carbon  atom  not 
bearing  the  hydroxyl  group  has  a  considerable  effect 
in  going  from  methyl  to  ethyl  homologs. 


The  hydrochlorides  of  the  esters  were  colorless  crystalline  substances  which,  as  a  rule,  were  soluble  in  water 
and  insoluble  in  ether.* 

TABLE  2 


♦  Ester 

No. 

Amount  of 
alcohol  re¬ 
covered 

(in  *7o) 

Yield  (in  *7o) 

Ester 

No. 

Amount  of 
alcohol  re¬ 
covered 
(in  *7o) 

Yield  (in  *7o) 

(XV) 

— 

50  (isolated  In 
the  form  of  a 
base) 

(XXIV) 

29.5 

20.0 

(XVI) 

— 

56 

(XXV) 

— 

54.3 

(XVII) 

— 

53 

(.XXVI) 

— 

84 

(.will) 

— 

53.7 

(XXVII) 

— 

29.9 

(XIX) 

— 

Low 

(XXVIII) 

— 

68.8 

(XX) 

— 

Low  (~4'’/o) 

(.XXIX) 

42.7 

(XXI) 

— 

3S.7 

(XXX) 

22.5 

14.2 

(XXII) 

14.1 

26.5 

(XXXI) 

— 

40.5 

(.X.XIII) 

24.7 

(XXXII) 

75 

EX  PERIMENTAL** 

Starting  materials.  Crotonic  acid  was  prepared  by  Scheibler’s  method  [11]  in  65*7o  yield  and  had  m.p.  67- 
70*.  Crotonyl  chloride***  was  prepared  by  heating  crotonic  acid  with  thionyl  chloride.  The  yield  was  88^o  and 
the  b.p.  37-40*  (33  mm).  Phenyl  propenyl  ketone  was  prepared  by  Fuson’s  method  [12]  in  70^o  yield  instead  of 
reported  by  the  author,  due  to  longer  irradiation  with  the  mercury  lamp.  The  b.p.  was  95-100*  (2  mm). 

0-(N-Piperidyl)-butyrophenone  (II)  with  m.p.  39-40*  was  prepared  by  Pohland  and  Sullivan's  method  [13] 
in  79^  yield. 

0-Dimethylaminobutyrophenone  (I)  was  prepared  by  Pohland  and  Sullivan’s  method.  It  could  not  be  dis¬ 
tilled  (the  yield  was  84*70).  The  hydrochloride  of  the  amino  ketone  had  m.p.  130-132*  [13]. 


*The  substances  were  tested  for  physiological  activity  in  the  Ordzhonikidze  Sci.-Res.  Inst,  of  Chem.  Pharmaceutics. 
The  results  of  the  tests  will  be  published. 

**The  piperidylpropanols  were  isolated  by  Ch’ang  Ch'ung  Kwang. 

***This  acid  chloride  was  prepared  by  Fuson  [12]  in  86*70  yield  in  petroleum  ether. 
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Reduction  of  6 -dlmethylainlnobutyrophenone.  1.5  g  of  fl-dimethylaminobutyrophenone  in  20  ml  of  anhy¬ 
drous  alcohol  was  hydrogenated  in  the  presence  of  1  g  of  Raney  nickel  catalyst  for  four  hours.  260  ml  of  hydrogen 
was  absorbed  instead  of  the  210  ml  calculated  theoretically.  The  catalyst  was  filtered  off,  the  alcohol  evaporated, 
the  residue  acidlHed  widi  hydrochloric  acid  (1:1)  and  the  neutral  products  extracted  with  ether  and  dried  over 
magnesium  sulfate.  The  ether  was  removed  and  the  residue  (0.6  g)  vacuum  distilled  and  converted  to  a  semi- 
carbazone,  which  melted  at  185-187*  [14]. 

l,3-DImethyl-l-phenyl-3-(N-pIperIdyl)-propan-l-ol  (XI  and  XII).  23.1  g  of  fl-(N-piperidyl)-butyro- 
phenone  was  added  over  a  period  of  one  hour  with  stirring  and  cooling  to  —20*  and  in  the  range  20-3*  to  methyl- 
magnesium  bromide  (from  7.2  g  of  magnesium  and  the  corresponding  amount  of  methyl  bromide).  On  the  follow¬ 
ing  day,  the  reaction  mixture  was  decomposed  with  300  ml  of  hydrochloric  acid  (1:1)  and  ice.  The  precipitate 
was  filtered  off,  washed  on  the  filter  and  converted  into  the  base,  which  was  extracted  with  ether.  The  ether  ex¬ 
tract  was  dried  with  magnesium  sulfate,  the  ether  distilled  off  and  the  product  vacuum  distilled.  We  obtained 
11.2  g  (45.3‘7o)  of  the  fl-frarm  of  l,3-dlmethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XII)  with  b.p.  113.5-114* 
(0.6  mm),  n”D  1.5177. 

Found  N  5.69.  5.08.  CjsHjsON.  Calculated  ‘fe  N  5.67. 

The  hydrochloride  melted  at  230*  (from  alcohol). 

Found  ‘fe  C  67.66,  67.71;  H  8.92,  9.32;  N  4.86,  4.73.  Ci*I%sON-  HCl.  Calculated  ‘7o:  C  67.75;  H  9.18; 

N  4.93. 

After  separation  of  the  neutral  products,  the  aqueous  acid  solution  was  treated  with  sodium  hydroxide  solu¬ 
tion  and  extracted  several  times  with  ether.  The  ether  extract  was  dried,  the  ether  removed  and  the  residue 
vacuum  distilled.  We  obtained  4.23  g  (17.1*70)  of  the  a-form  of  l,3-dlmethyl-l-phenyl-3-(N-piperidyl)-propan- 
l-ol  (XI)  widi  b.p.  118-120*  (0.6  mm).  n*®D  1.5220. 

Found  *70:  N  5.30.  5.28.  CmHjbON.  Calculated  *70;  N  5.67. 

Tlie  hydrochloride  melted  at  159*  (from  alcohol). 

Found  %  C  67.87,  68.00;  H  9.17,  9.41;  N  5.10,  5.07.  CigHjsON-  HCl.  Calculated  %  C  67.75;  H  9.18; 

N  4.93. 

When  methylmagnesium  iodide  was  useu,  the  amino  alcohols  described  above  were  obtained  in  5-6*70  yield. 

l-Edayl-l-phenyl-3-methyl-2-(N-piperidyl)-propan-l-ol  (Xni  and  XIV).  a)  From  the  amino  ketone  hy¬ 
drochloride.  26.7  g  of  fl-(N-piperidyl)-butyrophenone  hydrochloride  was  gradually  added  at  — lOto  -5*  with  con¬ 
tinuous  stirring  to  the  Grignard  reagent  prepared  from  7.2  g  of  magnesium  and  36.3  g  of  ethyl  bromide  in  50  ml 
of  ether.  The  reaction  products  were  worked  up  as  in  the  previous  case.  We  obtained  7.4  g  (28.6*7o)  of  the  fl- 
form  of  l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  (XIV)  with  b.p.  136-137*  (1.5  mm),  i^®D  1.5177 
(Isolated  from  the  difficultly  soluble  hydrochloride). 

Found  *70:  N  5.05,  5.16.  ChHjtON.  Calculated  *7>;  N  5.35. 

Tile  hydrochloride  melted  at  234-235*  (from  alcohol). 

Found  %  C  68.55.  68.90;  H  9.57,  9.47;  N  4.40,  4.37.  CnI%ON*  HCl.  Calculated  *7o;  C  68.60;  H  9.42; 

N  4.70. 

After  the  addition  of  sodium  hydroxide,  the  aqueous  acid  solution  yielded  10.1  g  (38.6*70)  of  the  a-form  of 
l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  (Xni)  with  b.p.  135-136*  (1.5  mm),  n?®D  1.5195. 

Found  %  N  5.49,  5.37.  CijHjtON.  Calculated  *7o:  N  5.35. 

The  hydrochloride  had  m.p,  187-188*  (from  alcohol). 

Found  *7o:  C  68.34,  68.91;  H  9.16,  9.06;  N  4.42,  4.46.  CnHjTON-  HCl.  Calculated  *7o:  C  68.6;  H  9.42; 

N  4.70. 

b)  From  the  amino  ketone  base.  From  23.1  g  of  6-(N-piperldyl)-butyrophenone  base  and  the  Grignard  re¬ 
agent,  i^epared  from  7.2  g  of  magnesium  and  36.3  g  of  ethyl  bromide  in  50  ml  of  etlier,  we  isolated  11.5  g  (44.1*70) 
of  the  fl-form  of  l-ethyI-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-oI  (XIV)  with  b.p.  123-124*  (0.5  mm), 
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n*®D  1.5157  (from  the  difficultly  soluble  hydrochloride,  which  melted  at  233-234*).  The  acid  solution  yielded 
6.7  g  (25.57o)  of  thea-form  of  l-ethyl-l-phenyl-3-methyl-3-(N-plperldyl)-propan-l-ol  (XIII)  with  b.p.  135-136* 
(1.5  mm),  n*®D  1.5194i  the  hydrochloride  melted  at  187-188*. 

l,3-Dimethyl-l-phenyl-3-dimethylamlnopropan-l-ol  (IX).  a)  With  methyllithium.  With  cooling  (-5 to  -20*) 
and  vigorous  stirring,  24.4  g  of  fl-dimethylamlnobutyrophenone  was  added  dropwise  to  4.3  g  of  lithium  in  100  ml 
of  absolute  ether  and  47.7  g  of  freshly  distilled  metliyl  iodide.  On  the  following  day,  the  reaction  mixture  was 
hydrolyzed  with  pieces  of  ice  and  hydrochloric  acid  (1:1),  being  made  acid  to  Congo.  The  neutral  products  were 
extracted  with  ether  and  isolated.  Tlie  aqueous  layer  was  treated  witfi  ammonia  and  then  sodium  carbonate  and 
extracted  several  times  with  ether.  The  ether  solution  was  dried  with  magnesium  sulfate  and  the  product  vacuum 
distilled.  We  obtained  7.5  g  (28.3*7o)  of  l,3-dlmethyl-l-phenyl-3-dlmethylaminopropan-l-ol  (DC)  with  b.p.  110- 
120*  (3-4  mm). 

Found  N  6.68,  6.47.  CoH^iON.  Calculated  %  N  6.74. 

The  plcrate  melted  at  168-169*. 

Found ‘7o;  N  13.18,  13.01.  CnHjiON *  C5Hj{OH(NOi)s.  Calculated  <7o;  N  12.82. 

b)  With  methylmagnesium  iodide.  3  g  of  3-dImethylaminobutyrophenone  was  added  dropwise  at  0-6*  with 
stirring  to  the  Grlgnard  reagent  prepared  from  0.46  g  of  magnesium  and  10  g  of  mediyl  iodide  in  15  ml  of  ether. 

The  mixture  was  stirred  for  one  hour  at  room  temperature  and  then  at  the  boiling  point  of  the  ether  on  the  follow¬ 
ing  day.  960  ml  of  gas  was  collected  in  the  gasometer.  The  reaction  mixture  was  acidified  with  hydrochloric 
acid  (1:1)  with  cooling  and  the  neutral  products  extracted  with  ether.  The  aqueous  solution  of  the  nitrogenous 
base  salts  was  saturated  with  sodium  hydroxide  solution  and  extracted  with  ether.  The  ether  extracts  were  dried 
with  magnesium  sulfate,  the  ether  removed  and  the  residue  (0.6  g)  converted  into  tiie  hydrochloride.  We  ob¬ 
tained  0.4  g  of  l,3-dlmethyl-l-phenyl-3-dimethylaminopropan-l-ol  hydrochloride  with  m.p.  182-183*  (from 
alcohol). 

Found  ‘7o:  C  64.29,  64.59:  H  9.19,  9.16;  N  5.80,  5.58.  CoHjiON •  HCl.  Calculated  'loi  C  64.4;  H  9.10; 

N  5.75. 

The  gas  was  analyzed  with  an  Orsat  apparatus  and  shown  to  have  the  following  composition;  COj  -9.8‘7o, 

CXj  CH4  -26.6*70,  which  corresponds  to  65*70  enolization  of  the  S-dlmethylaminobutyrophenone. 

l-Ethyl-l-phenyl-3-dimethylaminopropan-l-ol  (X).  20.3  g  of  6 -dlmethylaminobutyrophenone  in  40  ml 
of  ether  was  added  dropwise  at  2-6*  to  ethyllithium,  prepared  in  the  usual  way  from  5.82  g  of  lithium  and  46  g 
of  ethyl  bromide  in  40  ml  of  absolute  ether.  The  following  day,  the  reaction  mixture  was  treated  as  described 
in  the  previous  experiment.  After  removal  of  the  ether  from  the  ether  solution  of  the  base,  the  residue  was 
vacuum  distilled.  We  collected  5.4  g  (23.1*^)  of  a  substance  with  b.p.  120-130*  (3-4  mm).  The  product  was 
dissolved  in  chloroform  and  treated  with  dry  hydrogen  chloride.  We  obtained  1 -ethyl-1 -phenyl-3 -methyl-3 -dl- 
methylamlnopropan-l-ol  hydrochloride  with  m.p.  168-170*  (from  alcohol). 

Found  *7o;  C  65.51,  65.15;  H  8.64,  8.46;  N  5.48,  5.37.  CuHjsON  •  HCl.  Calculated  *7o:  C  65.30;  H  9.40; 

N  5.40. 

Part  of  the  amino  alcohol  hydrochloride  (m.p.  168-170*)  was  converted  in  the  usual  way  into  tlie  base, 

1  -ethyl-1  -phenyl-3  -methyl-3  -dimethylaminopropan-1  -ol. 

Found  *7o:  N  6.04,  6.00.  CuHzsON.  Calculated  *7o:  N  6.33. 

The  benzoate  of  the  g-isomer  of  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XXI).  Into  a  50  ml, 
flat-bottomed  flask  was  placed  2.47  g  of  the  a-isomer  of  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol 
and  10  g  of  benzoyl  chloride.  The  following  day,  the  product  was  precipitated  with  absolute  etiier  and  recrystal- 
Uzed  from  acetone  and  then  from  acetone  and  chloroform,  when  it  melted  at  157-158*.  We  obtained  1.5  g  (38.7‘7>) 
of  the  hydrochloride  of  the  benzoate  of  the  a-isomer  of  l,3-dimethyl-l-phenyl-3-(N“piperidyl)-propan-l-ol  (XXI). 

Found  *70:  N  3.96,  3.80.  CjsHjjOtjN  •  HCl.  Calculated  *7o:  N  3.61. 

The  benzoate  of  the  fl-isomer  of  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XXII).  A  mixture 
of  4.94  g  of  the  6 -isomer  of  l,3-dimethyl-3-(N"piperidyl)-propan-l-ol  and  20  g  of  freshly  distilled  benzoyl 
chloride  was  kept  at  room  temperature  for  20  hours.  The  product  was  then  precipitated  with  ether,  filtered  off, 
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and  recrystallized  from  a  mixture  of  acetone  and  chloroform.  We  recovered  0.8  g  of  the  hydrochloride  of  the 
surtlng  amfno  alcohol  witii  m.p.  225*.  Ether  was  added  to  the  mother  solution;  the  product  Isolated  was  recrys¬ 
tallized  several  times  from  acetone  and  chloroform.  We  obtained  2.05  g  (26.5%)  of  the  hydrochloride  of  the  ben¬ 
zoate  of  the  fl-lsomer  of  l,3-dlmethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XXII)  with  m.p.  112-113*. 


Found  %:  N  3.70,  3.46.  *  HCl.  Calculated  %:  N  3.61. 

The  phenoxyacetate  of  thea-isomer  of  l-phenyl-l,3-dlmethyl-3-(N-piperidyl)-propan-l-ol  (XXni).  3.4  g 


methyl-1 -phenyl-3 -(N-piperidyl)-propan-l-ol,  dissolved  in  10  ml  of  absolute  ether.  An  oily  product  precipitated 
which,  after  standing  for  three  days,  was  washed  with  absolute  ether  until  the  smell  of  the  acid  chloride  disap¬ 
peared.  The  oily  product  obtained  was  dried  in  a  vacuum  desiccator  with  pumping  for  45  hours.  We  obtained 
1.03  g  (24.1%)  of  the  hydrochloride  of  the  phenoxyacetate  of  the  a -isomer  of  1,3 -dimethyl-1 -phenyl-3 -(N-piper- 
idyl)-propan-l-ol  (XXIII)  as  an  amorphous  mass.  The  form  changed  at  90*,  but  no  sharp  melting  point  was  ob¬ 
served. 

Found  %:  C  63.76,  68.83?  H  7.95,  7.95;  N  3.20,  3.10.  Cj^HjjOiN  •  HCl.  Calculated  %:  C  69.00;  H  7.69; 

N  3.36. 

The  phenoxyacetate  of  the  fl-isomer  of  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XXIV).  A 
mixture  of  4.9  g  of  the  6 -isomer  of  l,3-dimethyl-l-phenyl-3-(N-pIperidyl)-propan-l-ol  and  6.8  g  of  phenoxy- 
acetyl  chloride  in  30  ml  of  absolute  ether  was  left  for  a  day.  The  precipitate  was  washed  with  ether  and  recrys¬ 
tallized  from  chloroform.  We  recovered  1.67  g  of  the  hydrochloride  of  the  starting  amino  alcohol  (m.p.  230*), 
which  did  not  depress  the  melting  point  of  an  authentic  sample.  The  chloroform  mother  solution  was  evaporated 
to  dryness  and  die  residue  recrystallized  several  times  from  acetone  and  chloroform.  We  obtained  1.7  g  (20.6^o) 
of  tlie  hydrochloride  of  the  phenoxyacetate  of  the  6-isomer  of  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propan- 
l-ol(XXIV)  with  m.p.  149-150*. 

Found  lo:  C  68.76,  68.78;  H  7.91,  7.79;  N  3.32,  3.30.  C24H81OJN •  HCl.  Calculated  %  C  69.00;  H  7.69; 

N  3.36. 

The  6 -phenoxypropionate  of  thea-isomer  of  1,3 -dimethyl-1 -phenyl-3 -(N-piperidyl)-propan-l-ol (XXV). 

2.4  g  of  the  a -isomer  of  1,3 -dimethyl-1 -phenyl-3 -(N-piperidyl)-propan-l-ol,  3  g  of  6 -phenoxypropionyl  chlo¬ 
ride  and  20  ml  of  absolute  etlier  were  used.  The  mixture  was  left  for  a  day  and  then  the  oil  separated  was  washed 
several  times  with  ether,  when  it  crystallized.  Several  recrystallizations  from  acetone  yielded  2.28  g  (54.3®/o)  of 
the  hydrochloride  of  the  6 -phenoxypropionate  of  thea-isomer  of  l,3-dlmethyl-l-phenyl-3-(N-piperidyl)-propan- 
l-ol  (XXV)  with  m.p.  146-147*. 

Found  %  C  69.88,  69.82;  H  7.77,  8.02?  N  3.46,  3.70.  CjsHjaOjN •  HCl.  Calculated  C  69.60;  H  7.88; 

N  3.24. 

The  6 -phenoxypropionate  of  the  6 -Isomer  of  l,3-dimethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XXVI). 

By  the  procedure  described  in  the  previous  experiment,  from  2.47  g  of  the  6 -isomer  of  1,3-dimethyl-l-phenyl- 
3-(N-piperidyl)-propan-l-ol  and  3  g  of  6-phenoxyi»opionyl  chloride  in  10  ml  of  absolute  ether,  we  obtained 
3.62  g  (84*7o)  of  the  hydrochloride  of  the  6 -phenoxypropionate  of  thea-isomer  of  l,3-dimethyl-l-phenyl-3-(N- 
pi peri dyl) -propan -l-ol  (XXVI)  with  m.p.  168-168.5*  (from  chloroform  and  acetone). 

Found  %:  C  69.30,  69.33;  H  7.98,  8.08;  N  3.38,  3.57.  CjsHjjO^N  *  HCl.  Calculated  *70;  C  69.60;  H  7.88; 

N  3.24. 

The  benzoate  of  theg-isomex  of  1 -ethyl-1 -phenyl-3 -methyl-3 -(N-piperidyl)-ptopan-l-ol  (XXVII).  2.3  g 
of  the  hydrochloride  of  the  a-isomer  of  l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  was  gradually 
added  to  a  solution  of  methylmagnesium  iodide  (0.72  g  of  magnesium  and  4.74  g  of  methyl  iodide  in  20  ml  of 
absolute  ether).  Stirring  was  continued  for  a  further  one  hour,  after  which  3.5  g  of  benzoyl  chloride  in  10  ml  of 
absolute  ether  was  slowly  added  through  a  dropping  funnel  with  stirring  and  cooling  in  ice  water.  The  dark-brown 
oil  which  precipitated  gradually  solidified.  The  mixture  was  stirred  for  one  hour  and  left  overnight,  after  which 
it  was  decomposed  with  20  ml  of  cooled  hydrochloric  acid  (1:1).  The  white  precipitate  was  filtered  off  and  re- 
crystallized  several  times  from  chloroform  with  acetone.  We  obtained  0.93  g  (29.9%)  of  the  hydrochloride  of  the 
benzoate  of  thea-isomer  of  1 -ethyl-1 -phenyl-3 -methyl-3 -(N-piperidyl)-propan-l-ol  (XXVII)  with  m.p.  155-156*. 
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Found  <70:  N  3.63,  3.56.  Cj^HsiO^N  •  IICl.  Calculated  N  3.48. 

After  separation  of  the  neutral  products,  the  acid  solution  was  made  alkaline  and  extracted  with  ether. 

Tlie  extract  was  dried  and  dry  hydrogen  clilorlde  passed  tlirough  it.  We  isolated  0.42  g  of  a  benzoate  hydrochlo¬ 
ride  with  m.p.  151-153*,  which  did  not  depress  die  melting  point  of  the  sample  described  above. 

The  benzoate  of  tlie  fl-isomer  of  l-etliyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  (XXVIII).  Un¬ 
der  th.:  conditions  described  above,  from  2.31  g  of  the  hydrochloride  of  the  fl-isomer  of  l-ethyl-l-phenyl-3- 
methyl -3 -(N-piperidyl) -propan- l-ol,  3.5  g  of  benzoyl  chloride  and  the  Grignard  reagent  prepared  from  0.72  g 
of  magnesium  and  4.74  g  of  methyl  iodide  In  20  ml  of  ether,  we  obtained  2.15  g  of  the  hydrochloride  of  the  ben¬ 
zoate  of  the  fl-isomer  of  l-ethyl-l-phenyl-3-methyl-3-(N-pIperIdyl)-propan-l-ol  (XXVIII)  with  m.p.  202-203* 
(from  chloroform).  The  yield  was  2.43  g  (78^o). 

Found  <70:  N  3.50,  3.54.  0241*3 '  HCl.  Calculated  <70:  N  3.48. 

The  phenoxyacetate  of  the  ct -isomer  of  l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  (XXK). 

3  g  of  phenoxyacetyl  chloride  in  10  ml  of  ether  was  slowly  added  to  2.51  g  of  the  a-isomer  of  1 -ethyl-1 -phenyl- 
3-metliyl-3-(N-piperidyl)-propan-l-ol,  dissolved  in  10  ml  of  absolute  ether.  A  precipitate  covered  with  oil 
formed  immediately.  The  mixture  was  left  for  two  days.  The  precipitate  was  washed  with  absolute  ether  until 
the  smell  of  the  acid  chloride  disappeared  and  twice  recrystallized  from  acetone.  We  obtained  1.77  g  (42.7‘yo) 
of  the  hydrochloride  of  the  phenoxyacetate  of  the  a-isomer  of  l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-pro- 
pan-l-ol  (XXIX)  witli  m.p.  151-152*. 

Found  °lo:  C  69.86,  69.72;  H  8.18,  7.98;  N  3.59,  3.69.  C25H33O3N *  HCl.  Calculated  <7o:  C  69.60;  H  7.88; 

N  3.24. 

The  phenoxyacetate  of  the  fl-isomer  of  l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  (XXX). 

5  g  of  plienoxyacetyl  chloride  was  added  to  2.61  g  of  the  fl-isomer  of  1 -ethyl-1 -phenyl-3 -methyl-3 -(N-piperidyl)- 
propan-l-ol,  heated  on  a  water  badi.  The  following  day,  absolute  ether  was  added  and  the  precipitate  which 
formed  was  separated,  washed  with  ether  and  recrystalUzed  from  acetone.  0.67  g  of  tlie  hydrochloride  of  the 
starting  amino  alcohol  (m.p.  228-229")  was  recovered.  A  small  amount  of  absolute  ether  was  added  to  the 
motlier  solution  and  die  product  which  precipitated  was  recrystallized  from  acetone.  We  obtained  0.61  g  (14.2^o) 
of  the  hydrochloride  of  the  phenoxyacetate  of  the  fl-isomer  of  1 -ethyl-1 -phenyl-3 -methyl-3 -(N-piperidyl)-pro- 
pan-l-ol  (XXX)  with  m.p.  132-133*. 

Found  °lo:  C  69.33,  69.35;  H  7.96,  8.04;  N  3.30,  3.57.  C25n8303N  •  HCl.  Calculated  %  C  69.60;  H  7.88; 

N  3.24. 

Tlie  fl-phenoxy propionate  of  the  a-isomer  of  1 -ethyl-1 -phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol 
(XXXI).  5  g  of  fl -phenoxypropionyl  chloride  was  added  to  2.61  g  of  thea -isomer  of  l-ethyl-l-phenyl-3-methyl- 
3 -(N-piperidyl) -propan -l-ol.  The  mixture  was  left  for  a  day  and  the  solid  mass  covered  with  absolute  ether  and 
ground  for  0.5  hour.  The  ether  insoluble  part  was  filtered  off  and  recrystallized  twice  from  acetone.  We  ob¬ 
tained  1.8  g  (40. 5^/0)  of  the  hydrochloride  of  the  fl-phenoxypropionate  of  the  a-isomer  of  1 -etliyl-1 -phenyl-3 - 
methyl-3-(N-piperidyl)-propan-l-ol  (XXXI)  with  m.p.  155-157*  after  several  recrystallizations  from  acetone. 

Found  <yo:  C  70.20,  70.27;  H  7.69,  7.97;  N  3.44.  CjeHjgOjN  •  HCl.  Calculated  %  C  70.00;  H  8.06;  N  3.14. 

Tlte  fl-phenoxypropionate  of  the  fl-isomer  of  1 -ethyl-1 -phenyl-3 -methyl-3 -(N-plperidyl)-propan-l-ol 
(XXXII).  -7  g  of  fl -phenoxypropionyl  chloride  was  added  to  5.22  g  of  the  fl-isomer  of  l-ethyl-l-pheuyl-3-methyl- 
3-(N-piperidyl)-propan-l-ol.  The  mixture  heated  up  to  70*.  The  reaction  mixture  was  left  for  a  week,  then 
washed  with  absolute  ether  until  the  smell  of  the  acid  chloride  disappeared  and  recrystallized  several  times  from 
chloroform  and  acetone.  We  obtained  6.69  g  {Ib^jo)  of  the  hydrochloride  of  the  fl-phenoxypropionate  of  the  fl- 
isomer  of  l-ethyl-l-phenyl-3-methyl-3-(N-piperidyl)-propan-l-ol  (XXXII)  with  m.p.  169-170*. 

Found  %  C  70.17,  70.11;  H  7.71,  7.89;  N  3.28,  3.57.  C26H35O5N  •  HCl.  Calculated  C  70.00;  H  8.06; 

N  3.14. 

The  benzoate  of  1,3 -dimethyl-1 -phenyl-3 -dimethylaminopropan-l-ol  (XV).  0.187  g  of  sodium  was  dis¬ 
persed  in  15  ml  of  dioxane  at  80-100®  with  vigorous  mixing.  The  reaction  flask  was  then  placed  in  a  cooling 
mixture  and  2  g  of  l,3-dimethyl-l-phenyl-3-dimethylaminopropan-l-ol  added  in  three  portions.  The  mixture 
was  stirred  for  45  minutes,  lire  following  day  1.25  g  of  freshly  distilled  benzoyl  chloride  was  added  dropwise 


described  in  the  previous  experiment,  from  2  g  of  l-ethyl-l-phenyl“3-mediyl-3-dimethylaminopropan-l-ol, 

3.6  g  of  cinnamyl  chloride, and  30  ml  of  anhydrous  benzene  we  obtained  tiie  cinnamate  of  l-ethyl-l-phenyl-3- 
methyl-3-dimethylaminopB:opan-l-ol  (XX)  witix  b.p.  175-180*  (5  mm)  and  this  was  directly  converted  into  the 
hydrochloride  (0.15  g),  which  melted  at  242-244*  (from  acetone). 

Found  <70:  N  4.00,  4.10.  Cj3%0^N  •  HCl.  Calculated  N  3.61. 

SUMMARY 

For  a  comparative  pharmacological  investigation  we  synthesized  a  series  of  new  esters  of  1 -alkyl-1 -phenyl- 
3 -methyl-3 -aminopropanols  with  dimethylamino  and  piperidino  residues  as  the  nitrogenous  components.  A  method 
of  synthesizing  the  main  intermediate  products,  amino  alcohols  and  amino  ketones,  was  developed. 
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As  a  special  Investigation  of  the  infrared  absorption  spectra  ^owed,  some  of  the  amino  alcohols  have 
strongly  expressed  intramolecular  hydrogen  bonding. 
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SYNTHESIS  OF  THE  SIMPLEST  ANALOGS  OF  CORTICOSTEROIDS 

Vn.*  INTRODUCTION  OF  A  DHIYDROXYACETONE  SIDE  CHAIN  BY  HYDRATION 
OF  ACETYLENE  ALCOHOLS 

I.N.  Nazarov  M.S.  Burmistrova  and  A. A.  Akhrem 
Instimte  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


We  previously  described  [1]  the  bromohydrin,  dibromoketol  and  glycidol  methods  of  introducing  oxidized 
side  chains  into  cyclic  compounds.  It  also  seemed  interesting  to  study  the  method  of  introducing  a  dihydroxy- 
acetone  side  chain  based  on  the  hydration  of  acetylene  alcohols,  which  have  been  studied  in  our  laboratory  for 
a  number  of  years. 

Wlien  our  investigations  were  complete,  several  papers  [2-4]  appeared  devoted  to  the  synthesis  of  the  simp¬ 
lest  analogs  of  cortisone  in  which  the  same  method  of  introducing  a  dihydroxyacetone  side  chain  was  used.  How¬ 
ever,  in  a  series  of  cases  die  yields  of  intermediate  and  final  products  were  lower  dian  ours  and  therefore,  we  con¬ 
sider  it  necessary  to  publish  the  results  of  our  work  in  this  direction. 

We  began  the  investigation  with  the  most  readily  available  acetylene  alcohol,  dimethylethynylcarbinol  (1), 
which  was  obtained  in  high  yield  by  the  Favorskii  condensation  of  acetylene  with  acetone  [5]. 

Hydration  of  carbinol  (I)  in  the  presence  of  mercuric  sulfate  gave  a  high  yield  of  dimethylacetylcarbinol 
(n)  [6],  which  reacted  with  dioxane  dibromide  to  form  bromoacetyldimethylcarbinol  (HI).  The  action  of  potas¬ 
sium  hydroxide  in  alcohol  solution  on  the  latter  formed  dimethylhydroxyacetylcarbinol  (IV). 
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The  action  of  dioxane  dibromide  on  the  acetate  of  dimethylacetylcarbinol  (V)  [6]  gave  a  61^  yield  of  the 
acetate  of  w -bromoacetyldimethylcarbinol  (VQ.  When  the  latter  was  treated  widi  potassium  hydroxide  in  alcohol 


•Communication  I  in  this  series  was  published  in  J.  Gen.  Chem.  26,  1186  (1956).  Commimication  II,  labeled  I 
in  error,  was  published  in  J.  Gen.  Chem.  28,  1458  (1958).  Communication  m,  labeled  n  in  enor,  was  published 
in  J.  Gen.  Chem.  28,  1791  (1958).  Communication  IV  was  published  in  J.  Gen.  CSiem.  28,  1805  (1958).  Com¬ 
munication  V  was  published  in  J.  CJen.  Chem.  28,  2199  (1958).  Communication  VI,  labeled  in  in  error,  was  pub¬ 
lished  in  J.  Gen.  Chem.  28,  2187  (1958).  (See  C.B.  translations.) 
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solution,  It  was  converted  into  dimethylhydroxyacetylcarbinol  (IV)  in  63*^  yield  and  acetolysis  with  potassium 
acetate  in  metlianol  gave  the  diacetate  of  dimethylhydroxyacetylcarbinol  (VII)  in  IQPjo  yield. 

Hydration  witli  mercuric  sulfate  in  methanol  of  1-ethyttylcyclohexanol  (VIE)  [7],  synthesized  in  high  yield 
from  cyclohexanone  and  acetylene  by  the  Favorskil  reaction,  yielded  1 -acetylcyclohexanol  (Ka)  [2, 3].  Treat¬ 
ment  of  the  latter  with  acetic  anhydride  formed  the  acetate  of  1 -acetylcyclohexanol  (DCb).  Bromination  of  1- 
acetylcyclohexanol  (Ka)  with  dioxane  dibromide  in  dloxane  gave  1-bromoacetylcyclohexanol  (Xa).  Saponifica¬ 
tion  of  the  bromide  (Xa)  with  caustic  alkali  in  an  aqueous  chloroform  solution  formed  1-hydroxyacetylcyclohex- 
anol  (XI)  [2, 31. 
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Bromination  of  the  acetate  (Kb)  with  dioxane  dlbromide  in  ether  yielded  the  acetate  of  1-bromoacetyl¬ 
cyclohexanol  (Xb)  [1].  Acetolysis  of  the  bromide  (Xb)  with  potassium  acetate  in  anhydrous  methanol  formed  the 
diacetate  (XII),  which  could  not  be  Isolated  in  die  pure  form.  Bromination  of  the  a-ketol  (Ka)  with  dioxane  di- 
bromlde  in  ether,  with  bromine  in  chloroform  or  with  bromine  in  acetic  acid  gave  the  bromide  (Xa),  but  in  lower 
yields.  Here,  together  with  the  bromide  (Xa),  a  crystalline  isomeric  bromide  [2]  with  m.p.  118-118.5*  was 
formed  and  its  structure  has  not  been  established.  We  also  prepared  the  acetate  of  the  bromide  (Xb)  with  m.p. 
34-35*  [1, 2]  by  another  method,  starting  from  the  bromooxide  [1]  (Xni).  Acetolysis  of  the  latter  witfi  acetic  acid 
gave  the  known  [1]  crystalline  bromohydrin  acetate  (XIV),  whose  oxidation  with  chromium  trioxide  in  acetic 
acid  led  to  the  formation  of  bromide  (Xb),  as  was  shown  previously  [1]. 
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It  is  interesting  to  note  that  tlie  bromohydrin  acetate  (XIV)  was  obtained  in  the  bromination  of  the  acetate 
of  1-vinylcyclohexanol  (Xllla)  with  bromine  in  aqueous  dioxane  (i.e.,  conditions  favorable  to  bromination  of  the 
double  bond).  Apparently,  the  tertiary  acetoxy  conjugated  with  the  double  bond  facilitates  the  addition  to  the 
latter  of  the  elements  of  hypobromous  acid,  while  the  free  tertiary  hydroxyl  group  is  conducive  to  the  addition 
of  a  molecule  of  bromine  to  the  multiple  bond  [1]. 

The  action  of  bromine  in  anhydrous  ether  on  the  acetate  (Xllla)  formed  a  crystalline  product  with  m.p.  105* 
(decomp.),  which  was  apparently  the  unstable  dlbromide  (XlVa),  and  which  gradually  decomposed  at  room  tem¬ 
perature  with  die  liberation  of  bromine. 
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Hydration  of  3,5-dimethyl-l-ethynylcyclopentanol  (XV),  synthesized  from  3,6-dlmethylcyclopentanone 
by  the  Favorskll  reaction,  gave  a  high  yield  of  3,5-dlmethyl-l-acetylcyclopentanol  (XVI).  Exhaustive  hydrogen¬ 
ation  of  the  acetylene  alcohol  (XV)  over  platinum  oxide  formed  l-ethyl-3,5-dimethylcyclopentanol  (XVII)  In 
high  yield. 

Bromlnatlon  of  the  a-ketol  (XVI)  with  dloxane  dlbromlde  gave  a  low  yield  of  3,5-dlmethyl-l-bromoacetyl- 
cyclopentanol  (XVni),  whose  hydrolysis  with  an  aqueous  solution  of  potassium  hydroxide  In  chloroform  formed 
3,5 -dimethyl-1 -hydroxyacetylcyclopentanol  (XDC)  of  unknown  configuration. 
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Bromlnatlon  of  cis-2-methyl-l-acetylcyclohexanol  (XX)  [10]  (m.p.  38*)  with  dloxane  dlbromlde  In  dloxane 
yielded  crystalline  2-methyl- 1-bromoacetylcyclohexanol  (XXI)  [2].  Hydrolysis  of  the  latter  with  potassium  hy¬ 
droxide  in  metiianol  formed  crystalline  2-methyl-l-hydroxyacetylcyclohexanol  (XXII)  [2]. 

Under  these  conditions,  the  liquid  trans-2-metityl-l-acetylcyclohexanol  (XXni)  [10]  gave  liquid  trans-2- 
methyl-l-bromoacetylcyclohexanol  (XXIV),  which  could  not  be  isolated  in  a  pure  form. 
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Ethynylation  of  3,8-dimethyl-A®-tetrahydroindanone  (XXV)  [8]  with  sodium  acetyllde  in  liquid  ammonia 
formed  3,8-dImethyl-l-ethynyl-A®-tetrahydroindanol  (XXVI)  [8],  whose  hydration  gave  crystalline  3,8-dlmethyl- 
1 -acetyl- A® -tetrahydrolndanol  (XXVII)  of  unknown  configuration.  Catalytic  hydrogenation  over  platinum  oxide 
converted  the  latter  to  3,8-dimethyl-l-acetylhexahydroindanol  (XXVIII).  Bromlnatlon  of  the  a"ketol  (XXVIII) 
with  bromine  in  dioxane  yield  3,8-dimediyl-l-bromoacetylhexahydroindanol  (XXK),  but  after  hydrolysis  of  the 
latter  It  was  not  possible  to  Isolate  the  ketodiol  corresponding  to  It. 
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EX  PERIMENTAL 


Tlie  siartinp  diineihyletliynylcarbinol  (I)  was  prepared  by  the  Favorskli  reaction  as  described  previously  [5]. 
IMnietliylacetylcarbinol  (II)  and  its  acetate  (V)  were  synthesized  by  die  procedure  described  by  LN.  Nazarov  [6]. 
Tlie  broinooxide  (XIII)  (b.p.  78-78. b*  at  2  mm,  n*®D  1.5040)  was  synthesized  by  die  procedure  described  in  the 
first  communication  of  diis  series  [1].  .1,5- Dim ediy Icy clopenta none  (b.p.  152-153.5*,  n*®D  1.4332)  was  prepared 
by  the  cyclohytlration  of  vinylisopropenylacetylene  in  the  presence  of  HCl  with  subsequent  catalytic  hydrogena¬ 
tion  of  die  cyclopenteiione  formed. 

Cis-  and  trans-2-methyl-l-acetylcyclohexanols  (XX  and  XXIEI)  were  prepared  by  hydration  of  the  acetylene 
alcohols  by  the  procedure  described  previously  [10].  3,8-Dimethyl-A®-tetrahydroindanone  (b.p.  92-95*  at  8  mm, 
n^®D  1.4880)  was  prepared  by  diene  .synthesis  from  butadiene  and  l,3-dimethyl-A^"cyclopentenone-5  as  described 
previously  [8].  Dioxane  dibromide  (m.p.  66")  was  prepared  by  mixing  bromine  and  dioxane  as  described  pre¬ 
viously  [9]. 

Preparation  of  dimediylbromoacetylcarbinol  (III).  Over  a  period  of  25  minutes,  50  g  of  dioxane  dibromide 
was  added  portionwise  to  a  sofution  of  20  g  of  dirnethylacetylcarbinol  (H)  in  160  ml  of  dioxane.  After  30  minutes, 
tlie  dioxane  was  removed  in  vacuum  at  a  bath  temperature  of  40-50*  and  the  residue  vacuum  distilled.  We  ob¬ 
tained  21.6  g  of  dlmetliylbromoacetylcarbinol  (HI)  [6]  as  a  colorless  liquid  with  a  lacrimatory  action  and 
b.p.  106-109*  (12  mm).  n*®D  1.4850. 

Preparation  of  dimetliylhydroxyacetylcarbinol  (IV).  25  ml  of  a  10®/o  solution  of  potassium  hydroxide  in 
metlianol  was  added  to  a  solution  of  6  g  of  dimetliylbromoacetylcarbinol  (III)  in  5  ml  of  methanol.  The  pre¬ 
cipitate  of  potassium  bromide  (3.5  g), which  precipitated  immediately, was  filtered  off,  the  metlianol  removed 
under  reduced  pressure  and  the  residue  extracted  with  ether  and  distilled. 

We  obtained  2.7  g  (68.5‘l/o)  of  dimethyUiydroxyacetylcarblnol  [6]  as  a  colorless,  immobile  liquid  with  b.p. 
73.5*  (1.5  mm),  1.4496. 

Pound  ^o:  C  49.98,  49.86;  H  9.21,  9.11.  CgllioCV  Calatlated  •’k  C  50.08;  H  8.50. 

Preparation  of  acetate  of  dimetliylbromoacetylcarbinol  (VI).  Over  a  period  of  15  minutes,  35  g  of  dioxane 
dibromide  was  added  in  small  portions  to  a  solution  of  30  g  of  the  acetate  of  dirnethylacetylcarbinol  (V)  [6]  in 
100  ml  of  anhydrous  ether.  Tlie  etlier  was  then  distilled  off  under  slightly  reduced  pressure  and  the  residue  vacuum 
distilled.  We  obtained  19  g  (OP/o)  of  the  acetate  of  dimetliylbromoacetylcarbinol  (VI)  as  a  liquid  with  b.p.  106.5- 
109.5*  (12  mm),  n^®D  1.4695,  and  with  a  sharp,  lacrimatory  smell.  On  standing,  tlie  carbinol  (VI)  changed  into 
crystals  witii  m.p.  43-44*. 

Preparation  of  diacetate  of  dimethylhydroxyacetylcarbinol  (VII).  A  solution  of  5.1  g  of  potassium  acetate 
in  30  ml  of  anhydrous  methanol  was  added  to  a  solution  of  10.5  g  of  the  acetate  of  dimethylbromoacetylcarbinol 
(VI)  in  20  ml  of  anhydrous  metlianol  and  the  mixtiue  boiled  under  reflux  for  ten  hours.  When  the  mixture  had 
been  cooled,  tlie  precipitate  of  potassium  bromide  (4  g)  was  filtered  off,  the  methanol  removed  in  vacuum,  and 
the  residue  extracted  with  anhydrous  ether.  Vacuum  distillation  yielded  6  g  (70*^0)  of  the  diacetate  of  dimediyl- 
hydroxyacetylcarbinol  as  a  colorless,  mobile  liquid  with  b.p.  96-96.5*  (2  mm),  n^®D  1.4370. 

Found  °Jo:  C  53.06,  53.20;  II  6.96,  7.00.  CgH^Og.  Calculated  C  53.43;  H  6.99. 

Preparation  of  1-acetylcyclohexanol  (IXa).  Into  a  tliree-necked  flask,  fitted  with  a  mechanical  stirrer,  a 
reflux  condenser  .and  a  thermometer,  was  placed  1  liter  of  methanol,  160  ml  of  water,  66  ml  of  concentrated  sul¬ 
furic  acid,  40  g  of  mercuric  sulfate,  and  200  g  of  1 -etliynylcyclohexanol  (VIII)  and  the  mixture  heated  on  a  water 
batli  at  60*.  After  ten-minutes  heating,  the  temperature  of  the  reaction  mixture  rose  to  70*  and,  simultaneously, 
a  voluminous  milk-white  precipitate  of  a  mercury  compound  formed.  The  temperature  of  the  reaction  was  pre¬ 
vented  from  rising  above  65-70*  by  ice  cooling.  After  the  thermal  effect,  the  mixture  was  heated  at  60*  for  a 
further  one  hour.  The  precipitate  was  tlien  filtered  off,  the  methanol  removed  under  reduced  pressiue  and  ether 
and  50  ml  of  water  added  to  the  residue,  which  was  neutralized  with  sodium  bicarbonate.  The  ether  layer  was 
dried  witli  sodium  sulfate  and  the  residue  after  removal  of  the  ether  was  vacuum  distilled.  We  obtained  180  g 
(78.5*170)  of  1-acetylcyclohexanol  (Ka)  [2,  3]  as  a  mobile, colorless  liquid  with  b.p.  92-94*  (15  mm),  ri*®D  1.4675. 

The  semicarbazone  had  m.p.  197-197.5*  (from  alcohol)  and  the  2,4 -dinitrophenylhydra zone  melted  at 
203-204.5*. 
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l>rcparation  of  the  acetate  of  1  -acetylcyclohexanol  (DCb).  Into  a  three-necked,  round -bottomed  flask,  fit¬ 
ted  witli  a  mechanical  stirrer,  a  tliermometer  and  a  dropping  funnel,  was  placed  120  g  of  acetic  anhydride,  con¬ 
taining  n-4  drops  of  concentrated  snlftiric  acid.  Then  80  g  of  1 -acetylcyclohexanol  (Ka)  was  added  from  a 
dropping  funnel  witli  cooling  in  ice  and  the  temperature  of  the  reaction  mixture  was  kept  below  40-45*.  When 
the  a-ketol  (Ka)  had  been  added,  the  mixture  was  left  at  room  temperature  overnight.  On  the  following  day, 
the  reaction  mixture  was  stirred  for  two  hours  at  70",  then  diluted  witfi  water  (25  ml)  and  etlier,  and  neutralized 
witli  sodium  carbonate,  and  die  product  extracted  witii  ether  and  dried  with  sodium  sulfate.  Vacuum  distillation 
yielded  95  g  (d2‘’/o)  of  the  acetate  of  1 -acetylcyclohexanol  as  a  mobile,  colorless  liquid  with  b.p.  85-86"  (2  mm), 
n*®D  1.4605. 


Found  Icn  C  65.43,  65.40;  II  8.74,  8.90.  CioHieO^.  Calculated  %  C  65.22;  H  8.70. 

Tlie  2,4-dinItroplienylliydrazone  melted  at  155.5-156.5"  (from  alcohol)  and  did  not  depress  the  melting 
point  of  another  sample  {xepared  in  our  laboratory  by  anotlier  method  [1]. 

Acetylation  of  the  a-ketol  (Ka)  in  pyridine  did  not  proceed  smoothly  and  formed  a  mixture  of  products 
which  had  an  extended  boiling  range. 

Preparation  of  1-bromoacetylcyclohexanol  (Xa).  a)  110  g  of  dioxane  dibromide  was  added  in  small  por¬ 
tions  over  20  minutes  to  a  solution  of  60  g  of  a-ketol  (Ka)  in  550  ml  of  dioxane.  The  dioxane  was  then  re¬ 
moved  in  vacuum  at  a  water-bath  temperature  of  45-50"  and  the  residue  vacuum  distilled.  We  obtained  65  g 
(69.60T^)  of  1-bromoacetylcyclohexanol  as  an  immobile,  light-yellow  liquid  with  b.p.  113.5-114.5"  (1  mm), 
n*®l)  1.5190. 

Found  %  C  43.39,  43.45;  H  5.90,  5.96;  Br  36.25.  36.03.  CtHuO^Br.  Calculated  C  43.44;  H  5.88; 

Br  36.15. 

Tlie  crystalline  isomer  of  bromoacetylhexanol  (Xa)  was  not  isolated. 

b)  35  g  of  dioxane  dibromide  was  added  over  eight  minutes  to  a  solution  of  20  g  of  a-ketol  (Ka)  in  40  ml 
of  anhydrous  ether.  Tlie  solvent  was  then  removed  in  vacuum  and  the  oily  residue  dissolved  in  100  ml  of  60*70 
etlianol.  When  cooled  to  —5",  the  solution  deposited  crystals  of  a  bromide  of  unknown  structure  (11  g)  with  m.p. 
118-118.5"  (from  alcohol). 

Found  *70;  Br  36.14,  36.25.  C9H|30^Br.  Calculated  *70:  Br  36.15. 

After  removal  of  the  crystals,  the  filtrate  was  evaporated  in  vacuum.  The  residue  was  dissolved  in  ether, 
dried  with  sodium  sulfate  And  vacuum  distilled.  We  obtained  10.5  g  (34*70)  of  1-bromoacetylcyclohexanol  (Xa) 
as  a  viscous  liquid  with  b.p.  118.5-119"  (2  mm)  and  i^®D  1.5120,  and  which  darkened  in  air. 

c)  Bromination  of  14.2  g  of  a-ketol  (Ka)  with  bromine  in  chloroform  yielded  9  g  of  the  isomeric  crystal¬ 
line  bromide  with  m.p.  118-118.5"  and  only  1,2  g  of  the  liquid  bromoketol  (Xa).  Together  with  tliis,  we  isolated 
5  g  of  high-boiling  products,  which  were  apparently  compounds  of  higher  degrees  of  bromination. 

Preparation  of  1 -acetoxy -1 -bromoacetylcyclohexanol  (Xb).  27  g  of  dioxane  dibromide  was  added  in  small 
portions  over  a  period  of  5-7  minutes  to  a  solution  of  20  g  of  the  acetate  of  1 -acetylcyclohexanol  (Kb)  in  40  ml 
of  anhydrous  etlier.  The  edier  and  the  dioxane  were  removed  in  vacuum  and  the  residue  distilled.  We  obtained 
15  g  (52*7o)  of  tlie  acetate  of  1-bromoacetylcyclohexanol  as  a  viscous,  yellow  liquid  with  b.p.  126-127.5"  (3  mm) 
and  n*®D  1.5000.  On  prolonged  standing,  it  gradually  crystallized  as  platelets  with  m.p.  34-35"  (from  pentane). 

Found  *fe  C  45.38,  45. .32;  H  5.80,  5.74.  CjoHaOjBr.  Calculated  *7o;  C  45.60;  H  5.70. 

Preparation  of  the  acetate  of  bromohydrin  (XIV).  a)  A  solution  of  10  g  of  the  bromooxide  (XIII)  (b.p.  78- 
78.5*  at  2  mm,  r^®D  1.5040)  in  100  ml  of  glacial  acetic  acid  was  heated  for  one  hour  on  a  boiling-water  bath 
(liquid  tempera nire  95")  and  for  two  hours  at  65-75".  When  the  reaction  mixture  was  heated  at  above  100",  tar 
formation  was  observed.  The  clear,  light-yellow  solution  was  diluted  three-fold  with  water,  neutralized  with 
sodium  bicarbonate,  extracted  with  ether,  the  ether  extract  dried  with  sodium  sulfate,  and  the  ether  evaporated. 
We  obtained  11.5  g  of  a  thick,  clear  liquid,  which  yielded,  on  treatment  with  40  ml  of  petroleum  ether,  1  g  of 
the  known  bromohydrin  acetate  (XIV)  as  silvery -white  plates  witli  m.p.  96-97"  (from  petroleum  ether  +  n-hexene), 
undepressed  by  admixmre  with  an  authentic  sample. 
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b)  Over  a  period  of  five  minutes,  3  ml  of  bromine  was  added  with  cooling  witli  cold  water  to  a  mixture  of 

8.5  g  of  the  acetate  of  1  -vinylcyclohexanol  (Xllla)  (b.p.  83“  at  13  mm,  n*®D  1.4590),  45  ml  of  dioxane  and  25  ml 
of  water  (the  acetate  did  not  dissolve  completely).  After  ten  minutes,  crystals  were  deposited  and  these  were 
filtered  off,  washed  with  water  on  the  filter  and  dried.  We  obtained  11.5  g  of  the  bromohydrin  acetate 

(XIV)  as  colorless  crystals  witli  m.p.  96-97*  (from  petroleum  ether),  undepressed  by  admixture  witli  an  authentic 
sample  [1].  In  addition,  the  filtrate  yielded  about  1  g  of  an  oil,  which  was  heavier  than  water  and  which  was  not 
examined  furtlier. 

Oxidation  of  the  bromohydrin  acetate  (XIV)  with  chromium  trioxide  in  acetic  acid  gave  a  good  yield  of 
l-acetoxy-l-bromoacetylcyclohexanol  (Xb)  described  above. 

c)  With  cooling,  2.6  ml  of  bromine  was  added  to  a  solution  of  8.4  g  of  the  acetate  of  1 -vinylcyclohexanol 
(Xllla)  In  100  ml  of  anhydrous  ether.  A  yellow,  crystalline  product  precipitated.  The  crystals  were  filtered  off 
and  washed  with  etlier  on  the  filter.  We  obtained  5  g  of  crystals  with  m.p.  105*  (decomp.).  When  the  latter  were 
stored  in  a  bottle  with  a  ground -glass  stopper  at  room  temperature,  the  product  decomposed.  The  crystals  were 
converted  into  a  liquid  product  consisting  of  two  layers,  the  upper  one  colorless  and  the  lower  one  a  heavy,  brown 
oil  with  a  bromine  smell.  The  reaction  was  acid. 

Preparation  of  1-hydroxyacetylcyclohexanol  (XI).  A  solution  of  15  g  of  potassium  hydroxide  In  150  ml  of 
water  was  added  in  small  portions, over  a  period  of  40  minutes, to  a  solution  of  58  g  of  ot -bromoketol  (Xa)  (b.p. 
113-115“  at  1  mm,  n*®D  1.5172)  In  600  ml  of  chloroform  in  the  presence  of  phenolphthalein  with  shaking  In  a 
separating  funnel.  Each  successive  portion  of  alkali  was  added  only  when  the  solution  was  decolorized.  At  the 
end,  the  solution  had  a  weakly  alkaline  reaction.  0.3  ml  of  50®7o  acetic  acid  was  added  to  neutralize  the  solution, 
which  was  decolorized.  The  chloroform  layer  was  separated  and  the  aqueous  layer  extracted  widi  chloroform. 

The  combined  chloroform  extracts  were  dried  with  sodium  sulfate  and  the  chloroform  removed  in  vacuum.  The 
residue  of  about  40  g  crystallized  on  cooling.  The  crystals  were  separated  and  recrystallized  from  petroleum 
etlier.  We  obtained  26.4  g  (63*^0)  of  1-hydroxyacetylcyclohexanol  (XI)  as  colorless  crystals  witli  m.p.  86-87.5*. 

The  2,4-dinitrophenylhydrazone  formed  crystals  with  m.p.  152-154*  (from  alcohol). 

Found  "70;  N  16.19,  16.05.  Cj4HijOeN4.  Calculated  <70:  N  16.56. 

Under  tliese  conditions,  the  acetate  of  1 -bromoacetylcyclohexanol  (Xb)  gave  liquid,  uncrystallizable  hy¬ 
drolysis  products,  containing  bromine. 

An  attempt  to  prepare  tlie  diacetate  of  1-hydroxyacetylcyclohexanol  (XII)  by  acetolysis  of  the  acetate  of 
1 -bromoacetylcyclohexanol  (Xb)  was  unsuccessful.  It  yielded  liquid  products  containing  bromine. 

Preparation  of  3,5 -dimethyl-1 -ethynylcyclopentanol  (XV).  Into  a  round -bottomed  flask,  fitted  with  a 
mechanical  stirrer,  a  thermometer  and  a  dropping  funnel,  was  placed  120  g  of  powdered  potassium  hydroxide 
and  300  ml  of  anhydrous  etlier  and  the  mixture  saturated  for  1.5  hours  at  0*  with  acetylene.  Then,  over  a  period 
of  2.5  hours,  widi  cooling  to  —3  to  — 5“,  a  solution  of  80  g  of  dimethylcyclopentanone  (b.p.  152-153.5*,  n*®D 
1.4332)  in  80  ml  of  anhydrous  ether  was  added  to  the  mixture  from  the  dropping  funnel  and  the  mixture  stirred 
for  a  further  two  hours  at  0*  and  left  overnight  in  an  ice  bath.  On  the  following  day,  the  etiier  layer  was  separated, 
the  aqueous  layer  extracted  with  ether,  and  the  combined  ether  extracts  treated  with  5‘7«>  hydrochloric  acid  and 
water,  and  dried  with  sodium  sulfate.  Vacuum  distillation  yielded  50  g  of  3, 5 -dimethyl -1 -ethynylcyclopentanol 

(XV)  as  a  colorless  liquid  with  b.p.  82-84"  (20  mm),  n^®D  1.4620. 

Found ‘7o:  C  77.82,  77.68;  H  10.49,  10.42.  C:9Hi40.  Calculated  %  C  78.20;  H  10.21. 

Preparation  of  3,5 -dimethyl-1 -ethylcyclopentanol  (XVII).  A  solution  of  3  g  of  3, 5-dimethyl-l -ethynyl¬ 
cyclopentanol  (XV)  in  10  ml  of  methanol  was  hydrogenated  in  the  presence  of  platinum  oxide,  when  1100  ml  of 
hydrogen  was  absorbed  while  the  calculated  amount  was  1040  ml.  Vacuum  distillation  yielded  2.6  g  of  3, 5-di¬ 
methyl-l -ethylcyclopentanol  as  a  mobile,  colorless  liquid  with  b.p.  81-82"  (18  mm),  n*®D  1.4538. 

Found  %  C  75.40,  75.62;  H  12.76,  12.53.  CjHijO.  Calculated  ‘7o:  C  75.97;  H  12.60. 

Preparation  of  3,5-dimethyl-l-acetylcyclopentanol  (XVI).  14.5  g  of  3,5-dimethyl-l-ethynylcyclopentanol 
(XV)  was  added  to  70  ml  of  metlianol  containing  11  ml  of  water,  4.8  g  of  concentrated  sulfuric  acid,  and  3  g  of 
mercuric  sulfate  and  the  mixture  stirred  at  60*  for  two  hours.  Then  the  metlianol  was  removed  under  reduced 
pressure  (bath  temperature  35-40*),  the  residue  diluted  with  ether  and  water,  and  neutralized  with  sodium  bicar- 
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honate  and  tlie  product  dried  witli  sodiuni  sulfate  and  vacuum  distilled.  We  obtained  11  g  of  3,5 -dimethyl-1 - 
acetylcyclopentanol  as  a  colorless  liquid  witli  b.p.  98-100*  (14  mm),  n*®D  1.4590. 

Found  lot  C  68.86,  68.99|  H  10.68,  10.60.  Calculated  ‘Vo:  C  69.10;  II  10.20. 

ih-eparation  of  3,5-dimetliyl-l-bromoacetylcyclopentanol  (XVni).  Over  a  period  of  10  minutes,  8  g  of  di- 
oxane  dibromide  was  added  to  a  solution  of  5  g  of  a-ketol  (XVI)  in  20  ml  of  dloxane.  Tlie  mixture  was  then  di¬ 
luted  with  water,  neutralized  witli  sodium  bicarbonate  and  extracted  witli  etlier  and  the  product  dried  witli  sodium 
sulfate  and  vacuum  distilled.  We  obtained  2.3  g  of  3,5-dimetiiyl-l-bromoacetylcyclopentanol  as  a  heavy  liquid, 
which  fumed  and  rapidly  darkened  in  air  and  which  could  not  be  purified. 

Ihreparation  of  3,5 -dimethyl-1 -hydroxyacetylcyclopentanol  (XIX).  6  ml  of  IQPjo  aqueous  potassium  hydrox¬ 
ide  solution  was  added  in  small  portions  witli  shaking  in  a  separating  funnel  to  a  solution  of  2.3  g  of  crude  bromo- 
ketol  (XVni),  prepared  in  the  previous  experiment,  in  10  ml  of  chloroform  in  tlie  presence  of  phenolphthalein. 

The  chloroform  was  separated,  the  aqueous  layer  extracted  with  chloroform  and  the  combined  chloroform  solu¬ 
tions  dried  with  sodium  sulfate.  Removal  of  the  solvent  in  vacuum  at  a  batli  temperature  of  45*  left  a  residue  of 
1.9  g  of  oil  (n*®D  1.4962),  which  partly  crystallized  on  standing  and  was  apparently  impure  3,5 -dimethyl-1 -hy¬ 
droxyacetylcyclopentanol. 

The  2,4-dinitrophenylliydrazone  formed  crystals  with  m.p.  198-200*  (from  aqueous  alcohol). 

Found  <70:  N  17.08,  17.18.  C15H20O6N4.  Calculated N  17.77. 

Preparation  of  cis-2-methyl-l-bromoacetylcyclohexanol  (XXI).  14.5  g  of  dioxane  dibromide  was  added  in 
small  portions  to  a  solution  of  9  g  of  cis-a-ketol  (XX)  (m.p.  37-38*)  in  45  ml  of  dioxane  at  25*.  The  solution 
was  completely  decolorized  after  five  minutes.  The  dioxane  was  removed  in  vacuum  at  a  bath  temperature  of 
60*  and  tlie  residue  distilled.  We  obtained  9  g  (67*7©)  of  cis-2-methyl-l-bromoacetylcyclohexanol  as  a  liquid; 
it  had  m.p.  68-68.5*  (from  n-hexane),  b.p.  109-113*  (1.5  mm),  n*®D  1.5062. 

Found  ‘7©:  C  46.33,  46.15;  H  6.64,  6.78;  Br  34.53.  CsH^Ojer.  Calculated  %  C  45.95;  H  6.43;  Br  34.0. 

Preparation  of  trans-2-metliyl-l -bromoacetylcyclohexanol  (XXIV).  25  g  of  dioxane  dibromide  was  added 
in  p^irtions  to  a  solution  of  15  g  of  trans-a -ketol  (XXIII)  (b.p.  82-83"  at  9  mm,  n^®D  1.4610)  in  60  ml  of  dioxane. 
Ten  minutes  after  the  solution  had  been  decolorized,  the  dioxane  was  removed  in  vacuum  at  a  bath  temperature 
of  50-55*  and  the  residue  vacuum  distilled.  After  the  first  distillation,  we  obtained  about  15  g  of  a  crude  product, 
which  boiled  over  a  wide  range  (b.p.  110-122*  at  1.5  mm,  n*®D  1.5110-1.5155).  After  tiiree  vacuum  distillations, 
we  isolated  2.2  g  of  trans-2-methyl-l-bromoacetylcyclohexanol  as  a  colorless  liquid  witli  b.p.  119.5-120*  (2.5 
mm)  n*®D  1.5132,  with  a  high  bromine  content  and  a  low  carbon  content. 

Found  *7©:  C  44.80,  44.77;  H  6.15,  6.14;  Br  35.88,  35.08.  CjHisOjBr.  Calculated  C  45.95;  H  6.43; 

Br  34.00. 

Preparation  of  cis-2-methyl-l-hydroxyacetylcyclohexanol  (XXII).  3  g  of  cis-a-bromoketol  (XXI)  (m.p. 
68-68.5*)  was  added  to  8  ml  of  a  IQPjo  solution  of  potassium  hydroxide  in  methanol,  the  potassium  bromide  pre¬ 
cipitate  filtered  off,  the  filtrate  evaporated  to  dryness  In  vacuum  and  the  residue  extracted  with  ether.  After  re¬ 
moval  of  the  ether  in  vacuum,  the  residue  partially  crystallized.  We  obtained  0.25  g  of  cIs-2-methyl-l-hydroxy- 
acetylcyclohexanol  [2]  as  colorless  crystals  with  m.p.  76-77.5*  (from  petroleum  ether). 

The  thiosemlcarbazone  had  m.p.  208-209.5*  (from  methanol). 

Synthesis  of  3,8-dimethyl-l-ethynyl-A®-tetrahydroindanol  (XXVI).  Into  a  tliree -necked,  round -‘bottomed 
flask,  fitted  with  a  mechanical  stirrer,  a  thermometer  and  a  dropping  funnel,  was  placed  a  solution  of  9.2  g  of 
sodium  in  350  ml  of  liquid  ammonia  and  acetylene  passed  through  for  three  hours  at  -73  to  —76*.  Then,  over  a 
period  of  one  hour,  a  solution  of  35  g  of  dimethyltetrahydroindanone  (XXV)  in  75  ml  of  anhydrous  ether  was  added 
dropwise.  The  mixture  was  stirred  in  a  stream  of  acetylene  for  a  further  45  minutes  and  tlien  left  overnight  in  a 
bath  of  solid  carbon  dioxide.  On  the  following  day  the  mixture  was  stirred  at  room  temperature  until  the  ammonia 
had  almost  completely  disappeared,  the  residue  diluted  with  100  ml  of  anhydrous  ether  and  50  g  of  ammonium 
chloride  added.  After  complete  evaporation  of  the  ammonia,  150  ml  of  water  was  added,  the  ether  layer  sepa¬ 
rated,  the  aqueous  layer  extracted  with  ether  and  the  combined  ether  extracts  dried  with  sodium  sulfate  and 
vacuum  distilled.  We  obtained  35  g  (86*7©)  of  3,8-dimethyl-l-etliynyl-A®-tetrahydroindanol  as  a  colorless  liquid 
with  b.p.  92-95*  (3  mm),  n*®D  1.5045.  The  configuration  was  not  established. 
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Preparation  of  3, 8- dimethyl- 1 -acetyl- A® -tetrahydrolndanol  (XXVII).  1.8  g  of  3,8-dimethyl-l-ethynyl- 
A®-tetrahydroindanol  (XXV)  was  hydrated  with  a  mixture  of  0.25  g  of  mercuric  sulfate,  0.4  ml  of  concentrated 
sulfuric  acid,  6  ml  of  metlianol  and  1  ml  of  water  for  2.5  hours  at  60*  with  stirring.  The  mixture  was  then  di¬ 
luted  with  water  and  ether,  neutralized  with  sodium  bicarbonate,  the  ether  layer  separated,  the  aqueous  layer 
extracted  witli  ether  and  the  product  dried  with  sodium  sulfate  and  vacuum  distilled.  We  obtained  1.3  g  of  a 
substance  wltli  b.p.  123-128*  (4.5  mm),  forming  a  mixture  of  crystals  and  liquid  (apparently  a  mixture  of  isomers) 
from  which  we  isolated  0.8  g  (40^o)  of  3,8-dlmethyl-l-acetyl-A®"tetrahydrolndanol  as  colorless  crystals  with 
m.p.  91-92*  (from  ether). 

Found  <70:  C  74.63,  74.96;  H  9.73,  9.85.  CijHjoOi.  Calculated  °hx  C  74.94;  H  9.70. 

The  configuration  of  the  a-ketol  at  the  two  asymmetric  centers  (C-1  and  C-3)  was  not  established. 

Preparation  of  3,8-dlmethyl-l-acetylhexahydroindanol  (XXVIII).  A  solution  of  4.2  g  of  a-ketol  (XX Vn) 
in  25  ml  of  etlianol  was  hydrogenated  in  the  presence  of  platinum  oxide.  After  45  minutes,  442  ml  of  hydrogen 
(430  ml  of  hydrogen  was  required,  according  to  calculation)  had  been  absorbed.  After  removal  of  the  ethanol, 
we  obtained  4  g  of  colorless  crystals  of  3,8-dlmethyl-l-acetyltetrahydroindanol  with  m.p.  114-114.5*  (from  pet¬ 
roleum  ether). 

Found  ‘7o:  C  73.69,  73.72;  H  10.45,  10.48.  CbHjjO,.  Calculated  <70;  C  74.20;  H  10.55. 

Preparation  of  3,8-dimethyl-l-bromoacetylhexahydroindanol  (XXEX).  Over  a  period  of  twelve  minutes, 

2.4  g  of  dioxane  dibromide  was  added  in  small  portions  to  a  solution  of  2  g  of  a-ketol  (XXVIII)  (m.p.  113.5-114*) 
in  15  ml  of  dioxane.  The  dioxane  was  then  removed  in  vacuum  at  a  bath  temperature  of  45*  and  the  partially 
crystalline  residue  yielded  1.5  g  of  3,8-dimethyl-l-bromoacetylhexahydroindanol  as  colorless  crystals  with  m.p. 
111-112.5*  (from  petroleum  ether). 

Found ‘7o:  C  53.86,  53.95;  H  7.27,  7.21;  Br  27.99,  27.55.  CijHjiOjBr.  Calculated  <70;  C  53.96;  H  7.26; 

Br  27.70. 

An  attempt  to  hydrolyze  the  a-bromoketol  (XXDC)  into  3,8-dimethyl-l-hydroxyacetylhexahydroindanol 
was  unsuccessful.  When  chloroform  or  ether  solutions  of  the  a-bromoketol  were  treated  with  an  aqueous  solution 
of  potassium  hydroxide,  the  original  a-bromoketol  was  recovered  unchanged.  When  the  a-bromoketol  was  treated 
with  a  metlianol  solution  of  potassium  hydroxide,  a  small  precipitate  of  potassium  bromide  was  produced  and  an 
oily,  uncrystallizable  product  was  formed. 

SUMMARY 

1.  On  the  examples  of  dimethylethynylcarbinol,  1 -ethynylcyclohexanol,  3,5-dlmethyl-l-ethynylcyclo- 
pentanol,  cis -2 -methyl -1 -ethynylcyclohexanol  and  3,8-dimethyl-l-ethynyl-A®-tetrahydroindanol,  a  synthesis  is 
described  for  compounds  containing  a  dihydroxyacetone  side  chain,  characteristic  of  adrenocortical  hormones. 

2.  The  given  compounds  were  obtained  by  hydration  of  acetylene  alcohols  with  subsequent  bromination 
and  hydrolysis  of  the  a -bromoketols  tlms  formed. 
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SYNTHESES  OF  ANALOGS  OF  G  ERA  N  Y  L  A  C  E  TONE  AND  PSEUDOIONONE 

I.N.  Nazarov,  S.M.  Makin,  V.B.  Mochalin,  O.A.  Shavryglna, 
D.V.  Nazarova  and  B.K.  Kruptsov 
Moscow  Institute  of  Fine  Chemical  Technology 


Analogs  of  geranylacetone  and  pseudoionone  are  the  starting  materials  for  the  synthesis  of  the  correspond¬ 
ing  analogs  of  the  important  natural  isoprenoid  compounds,  vitamin  A,  carotene,  farnesol  and  also  phytol,  a 
component  part  of  vitamins  K  and  E. 

Recently  we  reported  tiiree  different  methods  of  synthesizing  ketones  of  the  isoprenoid  type,  developed  in 
laboratory: 

1)  by  the  action  of  sodioacetoacetic  ester  on  halogen  derivatives  of  the  allyl  type  (method  A), 

2)  by  the  interaction  of  vinyl-  and  ethynylcarbinols  with  acetoacetic  ester  (method  B), 

3)  by  the  pyrolysis  of  acetoacetates  of  vinyl-  and  ethynylcarbinob  (method  C). 

By  these  methods  we  were  able  to  prepare  methylheptenone,  methylheptadienone  and  their  analogs  [1,2]. 

Condensation  of  methylheptenone  and  its  analogs  with  acetylene  under  a  pressure  of  5-10  atmos  gave  an 
almost  quantitative  yield  of  dehydrollnalool  and  its  analogs.  The  latter  were  partially  hydrogenated  over  a  Pd- 
catalyst  to  yield  linalool  and  its  analogs  [3]. 

We  used  the  methods  (A-C)  of  synthesizing  isoprenoid  ketones,  which  we  studied,  for  the  synthesis  of  vari¬ 
ous  analogs  of  geranylacetone  and  also  analogs  of  pseudoionone  (by  methods  B  and  C)  (the  synthesis  of  geranyl¬ 
acetone,  pseudoionone  and  pseudoirone  was  reported  separately  [4]  (see  scheme). 
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The  analogs  of  geranylacetone  synthesized  by  the  methods  described  above  are  presented  in  Table  2. 
The  synthesis  of  pseudoionone  analogs  was  studied  by  means  of  methods  B  and  C. 

We  obtained  pseudoionone  analogs  by  heating  dehydrolinalool  analogs  with  acetoacetic  ester,  as  in  the 
pyrolysis  of  acetoacetates  of  dehydrolinalool  analogs,  synthesized  by  means  of  diketene  (Table  3). 
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The  yield  of  the  bulk  of  the  pseudoionones,  obtained  by  the  two  methods,  was  50-70*^,  with  the  exception 
of  the  chlorine  analog  (XVI),  which  was  obtained  in  12-24*70  yield,  due  to  its  instability  on  heating. 

As  was  also  established  previously  [4,  7],  the  pyrolysis  of  acetoacetates  of  dehydrolinalools  shows  stereo¬ 
chemical  preference  and  leads  to  the  formation  of  mainly  one  of  the  Isomers  of  the  pseudoionones.  The  second 
isomer  is  present  in  insignificant  amounts  (less  than  10*7>)  and  its  isolation  therefore  presents  great  difficulties. 
However,  for  the  isopropyl  (XVIII)  and  the  diisopropyl  (XX)  analogs  of  pseudoionones,  we  were  able  to  isolate  the 
two  stereoisomeric  forms  (Table  3)  as  their  dinitrophenylhydrazones. 

The  analogs  of  geranylacetone  and  jiseudoionone  obtained  were  characterized  by  the  UV  absorption  spectra. 
For  all  the  geranylacetone  analogs,  the  characteristic  absorption  maxima  Xfnax  isooctane),  was  at  about  278 
m/i  (Table  2). 

The  spectral  curves  of  the  2,4 -dinitrophenylhydrazones  of  all  the  pseudoionone  analogs  obtained  had  the 
same  absorption  maximum  values,  which  agreed  with  the  absorption  maximum  of  the  2,4-dinitrophenylhydrazone 
of  natural  pseudoionone  (Table  3).  This  indicates  that  the  structures  of  the  pseudoionone  analogs  obtained  are 
identical  with  natural  pseudoionone. 


EXPERIMENTAL 


Method  A 

6-Methylundecadien-2,6-one-10  (VIII).  Dry  hydrogen  bromide  was  passed  into  507  g  of  6-methylocta- 
dlen-2,7-ol-6,  cooled  in  a  mixmre  of  ice  and  salt,  until  the  weight  had  increased  by  305  g  and  then  the  reaction 

•Linalool  [4,  5]  and  its  analogs  were  reacted  with  acetoacetic  ester  without  catalysts. 

••The  action  of  diketene  on  linalool  [4,  6]  and  its  analogs  in  the  presence  of  small  amounts  of  triethylamine  or 
piperidine  formed  the  corresponding  acetoacetates  (Table  1). 
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mixture  was  left  for  a  day  at  room  temperature.  The  8-bromo-6-methyloctadiene-2,6  (an  analog  of  geranyl  bro¬ 
mide)  obtained  was  separated  from  die  water,  washed  with  5*^0  sodium  bicarbonate  solution  and  water,  dried  over 
sodium  sulfate  and  used  for  the  condensation  with  sodioacetoacetic  ester  without  preliminary  distillation. 

To  sodium  methylate,  prepared  from  1100  ml  of  methyl  alcohol  and  93.6  g  of  metallic  sodium,  was  added 
673  g  of  acetoacetic  ester  at  room  temperature  with  stirring  and  the  reaction  mixture  was  heated  at  60*  for  30 
minutes.  After  this,  the  bromide  above  was  added  over  a  period  of  one  hour  to  the  sodioacetoacetic  ester  ob¬ 
tained  at  —10*,  and  the  reaction  mixture  was  stirred  at  room  temperature  for  three  hours.  The  methyl  alcohol 
was  then  removed  under  reduced  pressure,  a  solution  of  296  g  of  sodium  hydroxide  in  2  liters  of  water  added  to 
the  residue  and  the  mixture  stirred  at  65-70*  for  six  hours.  The  reaction  mixture  was  made  acid  to  Congoby  the 
addition  of  concentrated  hydrochloric  acid  with  cooling  and  tiie  product  extracted  with  ether,  carefully  washed 
with  5*^  sodium  bicarbonate  solution  and  water,  dried  over  anhydrous  sodium  sulfate  and  vacuum  distilled.  We 
obtained  475  g  {12.^)  of  6-methylundecadlen-2,6-one-10  with  b.p,  114-118’  (12  mm),  n*®D  1.4619. 

2-Chloro-6-methylundecadien-2,6-one-10  (DC).  With  cooling  in  snow  and  salt,  a  stream  of  dry  hydrogen 
bromide  was  passed  into  a  solution  of  93.6  g  of  2-chloro-6-methyloctadien-2,7-ol-6  in  150  ml  of  isooctane  until 
the  weight  had  increased  by  45  g  and  the  reaction  mixture  was  left  overnl^t  at  room  temperature.  The  Isooctane 
layer  was  separated  from  the  water,  washed  with  saturated  sodium  bicarbonate  solution  and  dried  over  anhydrous 
magnesium  sulfate.  The  isooctane  solution  of  the  primary  bromide  obtained  was  added  over  a  period  of  1.5  hours 
at  —5  to  10*  to  a  solution,  {vepared  as  in  die  previous  experiment  from  13.7  g  of  metallic  sodium,  167  ml  of 
methyl  alcohol  and  135.6  g  of  acetoacetic  ester.  The  reaction  mixture  was  left  overnight  at  room  temperature. 
The  methanol  was  evaporated  under  reduced  pressure.  43  g  of  sodium  hydroxide  in  280  ml  of  water  added  to  the 
residue  and  the  mixture  stirred  at  room  temperature  for  two  hours  and  at  65-70*  for  9.5  hours.  The  reaction  mix¬ 
ture  was  made  acid  to  Congo  by  the  addition  of  50^o  sulfuric  acid  with  cooling.  The  product  was  extracted  with 
ether  and  tlie  etiier  extract  washed  with  5*^  sodium  bicarbonate  solution,  dried  with  sodium  sulfate  and  vacuum 
distilled.  We  obtained  87.9  g  (75.8*^)  of  2-chloro-6-methylundecadien-2,6-one-10  with  b.p.  87-90*  (0.5  mm), 
n^®D  1.4795. 

Tlie  semicarbazone  had  m.p.  103-105*  (from  methanol)  and  did  not  depress  the  melting  point  of  the  semi- 
carbazone  of  ketone  (DC), obtained  by  method  B. 

Method  B 

3.7- Dimethyldodecadlen-3,7-one-ll  (X),  A  mixture  of  84.1  g  of  3,7-dimethylnonadien-3,8-ol-7  and 
130  g  of  acetoacetic  ester  was  heated  in  a  Favorskii  flask  at  150-195*  for  four  hours  until  the  evolution  of  carbon 
dioxide  ceased  (25  ml  of  alcohol  distilled  during  this).  The  reaction  product  was  dissolved  in  ether,  washed  with 
b°jo  sodium  bicarbonate  solution  three  times  and  with  water,  and  dried  with  baked  magnesium  sulfate.  Two  dis¬ 
tillations  in  vacuum  yielded  62.2  g  (59.5*^)  of  3,7-dimethyldodecadien-3,7-one-ll  witli  b.p.  105-106*  (15  mm), 
n*®D  1.4670. 

The  semicarbazone  had  m.p.  76-77*  (from  methanol)  and  did  not  depress  the  melting  point  of  the  semi¬ 
carbazone  of  ketone  (X)  obtained  by  methods  A  and  C. 

2.3. 7 - Trimethy Idodeca dien -3,7 -one- 1 1  (XI).  A  mixture  of  18.2  g  of  2,3,7-trimethylnonadien-3,8-ol-7 
and  26  g  of  acetoacetic  ester  was  heated  at  170-190*  for  one  hour.  2620  ml  of  carbon  dioxide  was  liberated  and 
4,6  ml  of  alcohol  distilled  off.  The  reaction  jxoduct  was  treated  as  in  the  previous  experiment.  Two  vacuum 
distillations  yielded  12.3  g  (55*yo)  of  2,3,7-trImethyldodecadien-3,7-one-ll  with  b.p.  107-108*  (1.5  mm),  n*®D 
1.4689. 

The  semicarbazone  had  m.p.  80-81*  (from  methanol),  undepressed  by  admixture  with  the  semicarbazone 
of  the  ketone  obtained  by  methods  A  and  C. 

Method  C 

3.7- Dimetfiyldodecadien-3,7-one-ll  (X).  The  starting  acetoacetate  of  3,7-dimethylnonadien-3,8-ol-7 
(II)  was  obtained  in  the  following  way:  to  a  mixture  of  12.6  g  of  3,7-dimethylnonadien-3,8-ol-7  and  5  drops  of 
triethylamine  at  70*  was  added  7.8  g  of  diketene  over  a  period  of  30  minutes  and  then  heating  was  continued  for 
a  further  two  hours.  The  reaction  product  was  dissolved  in  ether,  washed  with  bPjo  sodium  bicarbonate  solution 
twice  and  with  water  and  dried  with  anhydrous  magnesium  sulfate.  Vacuum  distillation  yielded  15.0  g  (79.5*70) 
of  the  acetoacetate  of  3,7-dimethylnonadien-3,8-ol-7  with  b.p.  106-107*  (0.2  mm),  n*®D  1.4650. 
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12.6  g  of  the  acetoacetate  (II)  described  above  was  heated  at  170-185"  for  15  minutes;  1130  ml  of  carbon 
dioxide  was  liberated.  The  reaction  product  was  dissolved  in  ether  and  treated  as  in  previous  experiments.  We 
obtained  6.3  g  (60^o)  of  3,7-dimethyldodecadien-3,7-one-ll  (X)  with  b.p.  105-106"  (15  mm),  n*®D  1.4670. 

2.2.3.7- Tetrametliyldodecadien-3,7-one-ll  (Xll).  Over  a  period  of  25  minutes,  4.5  g  of  diketene  was  ad¬ 
ded  to  a  mixture  of  9.8  g  of  2,2,3,7-tetramediylnonadien-3,8-ol-7  and  three  drops  of  trimethylamine  at  70*. 
Heating  was  continued  for  a  further  two  hours.  Without  preliminary  treatment  or  distillation,  the  reaction  product 
was  pyrolyzed  at  180-190*  for  1.5  hours.  1150  ml  of  carbon  dioxide  was  liberated.  The  reaction  mixture  was  ex¬ 
tracted  with  ether  and  the  extract  washed  with  5*^0  sodium  bicarbonate  solution  and  water,  dried  with  magnesium 
sulfate  and  distilled.  We  obtained  7.5  g  (62.6*70  on  the  carbinol)  of  2,2,3,7-tetrametiiyldodecadlen-3,7-one-ll 
with  b.p.  120-126*  (4  mm),  n*®D  1.4710. 

The  semicarbazone  had  m.p.  121.5-123*  (from  alcohol)  and  did  not  depress  the  melting  point  of  the  semi- 
carbazone  of  this  ketone,  prepared  by  methods  A  and  B. 

2.7-  Dimethy  1-3  -isopropy Idodeca dien  -3 . 7  -one  -11  (XIII).  Over  a  period  of  0.5  hours,  2.7  g  of  diketene  was 
added  to  a  mixture  of  5.5  g  of  2,7 -dimethyl-3 -isopropylnonadien-3,8-ol-7  and  three  drops  of  triethylamine  at 
70*.  Heating  was  continued  for  a  further  two  hours.  Without  preliminary  treatment  and  distillation,  the  reaction 
product  was  pyrolyzed  at  180-200*  for  0.5  hours.  580  ml  of  carbon  dioxide  was  liberated.  The  usual  treatment 
and  distillation  yielded  3.5  g  (54.6*70)  of  2,7-dimethyl-3-isopropyldodecadien-3,7-one-ll  with  b.p.  103-105* 

(0.4  mm).  n*®D  1.4680. 

The  semicarbazone  had  m.p.  117-118*  and  did  not  depress  the  melting  point  of  the  semicarbazone  of  this 
ketone,  prepared  by  metliods  A  and  B. 

Method  B 

2-Chloro-6-methylundecatrien-2,6,8-one-10  (XVI).  A  mixture  of  17.25  g  of  2-chloro-6-methylocten-2- 
yn-7-ol-6  and  65  g  of  acetoacetic  ester  was  heated  at  160-185*  for  three  hours.  During  this  time  2300  ml  of  car¬ 
bon  dioxide  and  7  ml  of  alcohol  were  liberated.  The  reaction  product  was  dissolved  in  ether,  washed  with  5*7o 
sodium  bicarbonate  solution  and  water,  and  dried  with  magnesium  sulfate.  Two  vacuum  distillations  yielded  the 
following  fractions;  1st  -90-98*  (2  mm),  n^®D  1.4793,  0.6  g;  2nd  “  112-116*  (2  mm),  n*®D  1.5292  ,  2.3  g;  3rd  — 
118-119*  (2  mm).  n^®D  1.5390,  5.2  g. 

The  third  fraction  was  2-chloro-6-methylundecatrien-2,6,8-one-10.  The  yield  was  24.4*7o. 

The  2,4-dlnitrophenylhydrazone  had  m.p.  158-161*  (from  alcohol). 

2.3.7- Trimethyldodecatrien-3,7,9-one-ll  (XVIII).  A  mixture  of  18  g  of  2,3,7 -trimethylnonen-3-yn-8-ol-7 
and  26  g  of  acetoacetic  ester  was  heated  at  176-198*  for  1.5  hours.  2650  ml  of  carbon  dioxide  and  5  ml  of  al¬ 
cohol  were  liberated.  The  reaction  product  was  treated  in  the  usual  way.  After  two  vacuum  distillations  it  yielded 
11.5  g  (52*7o)  of  2,3,7-trimethyldodecatrien-3,7,9-one-ll  with  b.p.  135-138*  (2  mm),  n*®D  1.5183. 

The  2,4-dinitrophenylhydrazone  of  the  isopropyl  analog  of  pjseudoionone  (XVIII)  was  prepared  in  the  usual 
way.  After  many  fractional  crystallizations  from  a  mixture  of  alcohol  and  acetone,  it  yielded  two  stereoisomers, 
one  with  m.p.  119-120"  (about  95*7o)  and  the  other  with  m.p.  94-95*  (about  5*^). 

2.7- Dimethyl-3-isopropyldodecatrien-3,7,9-one-ll  (XX).  A  mixture  of  15  g  of  2,7 -dimethyl-3 -isopropyl- 
nonen-3-yn-8-ol-7  and  15  g  of  acetoacetic  ester  was  heated  at  190-210*  for  three  hours.  1780  ml  of  carbon  di¬ 
oxide  were  liberated  and  4.4  ml  of  alcohol  distilled  off.  The  reaction  product  was  treated  in  die  usual  way.  We 
obtained  11.7  g  (65*7o)  of  2,7-dimethyl-3-isopropyldodecatrien-3,7,9-one-ll  with  b.p.  128-130*  (1  mm),  n**D 

l. 5145. 

Found  *7o;  C  82.15,  82.43;  H  11.52,  11.36.  CctH280.  Calculated  *7>:  C  82.15;  H  11.36. 

The  2,4-dinitrophenylhydrazone  was  obtained  by  mixing  an  alcohol  solution  of  the  ketone  with  an  alcohol- 
dioxane  solution  of  2,4-dinitrophenylhydrazine  hydrochloride.  The  m.p.  was  114-116*.  As  a  result  of  fractional 
crystallization  from  a  mixture  of  ethyl  alcohol  and  benzene,  we  isolated  91*7o  of  the  discrete  isomer  of  the  2,4- 
dinitrophenylhydrazone  with  m.p.  156-157*  and  9*7o  of  the  discrete  isomer  of  the  2,4-dinitrophenylhydrazone  with 

m. p.  125-126*. 


Method  C 

6-Methylundecatrlen-2.6.8-one-10  (XV).  The  starting  acetoacetate  of  6-methylocten-2-yn-7-ol*6  (IV) 
was  prepared  in  the  following  way;  to  a  mixture  of  13.8  g  of  6-methylocten-2-yn-7-ol-6  and  eight  drops  of  tri- 
etJiylamine  heated  to  70*  was  added  10.5  g  of  diketene  with  stirring  over  a  period  of  one  hour,  at  such  a  rate  that 
the  reaction  temperature  did  not  exceed  80*.  The  reaction  mixture  was  heated  for  a  further  four  hours  until  the 
smell  of  diketene  disappeared.  The  reaction  product  was  extracted  with  ether,  washed  with  sodium  bicarbonate 
solution  and  water,  dried  widi  sodium  sulfate  and  vacuum  distilled.  We  obtained  18  g  (81^)  of  the  acetoacetate 
of  6-methylocten-2-yn-7-ol-6  with  b.p.  86-87’  (0.05  mm),  n*®D  1.4657. 

13.6  g  of  the  acetoacetate  of  6-methylocten"2-yn“7-ol-6  (IV)  was  heated  at  180-200*  for  45  minutes. 

1250  ml  of  carbon  dioxide  was  liberated.  The  reaction  product  was  washed  with  5%  sodium  bicarbonate  solution 
and  water,  and  dried  with  sodium  sulfate.  Distillation  in  vacuum  yielded  3.3  g  (30.2*1^)  of  6-methylundecatrien- 
2,6.8-one-lO  (XV)  with  b.p.  78-80’  (0.03  mm),  n*®D  1.5280. 

3.7- DImethyldodecatrien-3,7,9-one-ll  (XVII).  25  g  of  the  acetoacetate  of  3,7-dimethylnonen-3-yn-8-ol-7 
(VI)  was  heated  at  170-185*  for  25  minutes.  2250  ml  of  carbon  dioxide  was  liberated.  The  reaction  product  was 
washed  widi  saturated  sodium  bicarbonate  solution  and  water,  and  dried  with  magnesium  sulfate.  Distillation  in 
vacuum  yielded  12.15  g  (59%)  of  3,7-dimethyldodecatrlen-3,7,9-one-ll  with  b.p.  127-130*  (2  mm),  n*®D  1.5257. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  had  m.p.  113-114*. 

2.2.3.7- Tetramethyldodecatrien-3,7,9-one-ll  (XK).  Over  a  period  of  30  minutes,  5  g  of  diketene  was 
added  to  a  mixture  of  9.7  g  of  2,2,3,7-tetramethylnonen-3-yn-8-ol-7  and  three  drops  of  triethylamine  at  70*  and 
tlien  the  mixture  was  heated  for  a  further  two  hours.  The  reaction  product  was  pyrolyzed  at  190-200’  without 
preliminary  treatment  and  distillation.  Working  up  in  the  usual  way  and  two  vacuum  distillations  yielded  8.0  g 
(69%)  of  2,2,3,7-tetramethyldodecatrien-3,7,9-one-ll  with  b.p.  128-134*  (3  mm),  n*®D  1.5208. 

The  2,4-dinitrophenyDiydrazone  had  m.p.  115-117*  and  did  not  depress  the  melting  point  of  the  2,4-dinitro- 
phenylliydrazone  of  this  ketone,  obtained  by  method  B. 

SUMMARY 

A  series  of  new  analogs  of  geranylacetone  and  pseudolonone  were  synthesized  by  three  different  methods. 
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STEREOCHEMISTRY  OF  ACETYLENE  SYNTHESIS  WITH  BICYCLIC  KETONES 


SYNTHESIS  OF  CIS-1-ETHYNYL-1-HYDROXY-6-DECALONE. 
ABSORPTION  SPECTRA  OF  A  SERIES  OF  TERTIARY  a-DECALOLS 

I.N.  Nazarov,  I. A.  Gurvich,  G.V.  Aleksandrova, 

N.V.  Kuznetsov  and  A.F.  Vasil’ev 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


Over  a  number  of  years,  a  study  has  been  made  in  our  laboratory  of  the  chemistry  and  stereochemistry  of 
acetylene  synthesis,  including  the  condensation  of  acetylene  with  bicyclic  ketones  of  the  decalin  series  [1].  It 
was  shown  that, in  a  number  of  cases,  this  synthesis  was  stereospecific  [2, 3].  Thus,  starting  from  cis-9-methyl- 
methoxyoctalone  (a),  only  one  acetylene  alcohol  (I)  was  obtained. 


(a)  (!)  (ID 


The  configuration  of  the  substituents  at  Cl  in  alcohol  (I)  and  its  hydration  product  (II)  was  assigned  on  the 
basis  of  their  reactivities  [4], 

In  the  present  work  we  accomplished  the  condensation  of  cis-methoxyoctalone  (III)  with  sodium  acetylide 
in  liquid  ammonia,  which  yielded,  after  hydrolysis,  the  acetylene  alcohol  (IV)  as  the  main  product  and  a  small 
amount  of  the  isomeric  acetylene  alcohols  (IVa  and  IVb).  It  is  possible  that  the  latter  were  stmctural  isomers, 
since  the  starting  methoxyoctalone  (III)  could  have  contained  die  7-methoxy  isomer  as  an  impurity  [2].  Alcohol 
(IV)  was  characterized  by  the  2,4-dinitrophenylhydrazone  and  the  absorption  spectrum. 

This  condensation  was  previously  accomplished  by  one  of  us  by  A.E.  Favorskii’s  method,  though  the  products 
were  not  investigated  [5]. 

The  acetylene  alcohol  (IV)  was  hydrated  smoothly  in  metfianol  solution  in  the  presence  of  mercuric  sulfate 
to  give  the  corresponding  acetylhydroxydecalone  (V),  which  formed  a  bis -2,4-dinitrophenylhydrazone.  Judging 
by  the  ease  of  hydration  of  the  acetylene  alcohol  (IV),  and  also  by  the  fact  that  the  acetylhydroxydecalone  (V) 
obtained  formed  a  bis-2,4-dinitrophenylhydrazone  under  the  usual  conditions,  one  can  assume  that  both  these 
compounds  have  the  same  steric  disposition  of  the  side  chain  and  the  hydroxyl  at  Cl  as  cis-ethynyldecalol  (I) 
and  its  corresponding  acetyl  derivative  (H). 

Hydrogenation  of  the  alcohol  (IV)  gave  a  good  yield  of  a  crystalline  ethyldecalone  (VI),  which  was  reduced 
with  lithium  in  liquid  ammonia  to  give  the  diol  (VII). 

The  action  of  ethylmagnesium  bromide  on  the  methoxy  ketone  (III)  and  subsequent  hydrolysis  yielded  an 
oil,  which  was  reduced  with  lithium  in  liquid  ammonia  to  give  a  considerable  amount  of  the  ethyldiol  (VII). 


ChCH 

^OH 


COCH, 


CrHs 
H  iLoh 


CtHs 
H  UOH 


The  action  of  ethylmagnesium  iodide  under  the  same  conditions  on  the  trans-methoxy  ketone  (VIII)  yielded 
an  oil,  which  was  reduced  with  lithium  in  liquid  ammonia  to  give  the  isomeric  diol  (X)  as  the  main  product.  Ox* 
idatlon  of  the  latter  with  chromium  trioxide  yielded  a  crystalline  ketol  (DC),  isomeric  with  the  ketol  (VI).  The 
starting  trans-methoxy  ketone  (VIII)  was  obtained  as  an  oil  by  reduction  of  methoxyhexalone  (XQ  with  lithium 
in  liquid  ammonia.  The  metiioxyhexalone  (XI)  was  synthesized  by  a  known  method  from  methoxytetralone  (XII) 
[6]. 


JJ 


(XII) 


(XI) 


Since  the  keto  alcohols  (VI)  and  (DC)  were  obtained  under  identical  conditions,  one  can  assume  that  they 
differ  from  each  other  in  the  position  of  coupling  of  die  rings,  since  in  the  case  of  preliminary  isomerization  of 
the  cis-methoxyoctalone  (III)  into  the  trans-methoxyoctalone  (VIII),  the  same  product  must  be  obtained  in  the 
two  cases.  Thus,  the  keto  alcohol  (VI)  is  a  derivative  of  cis-decalin  and,  consequently,  the  acetylene  alcohol 
(IV)  and  all  its  derivatives  belong  to  this  series,  while  the  keto  alcohol  (DC)  and  the  diol  (X)  are  derivatives  of 
trans-decalin. 

As  was  shown  recently,  the  condensation  of  acetylene  with  cis-a-decalone  gives  only  one  of  the  two  pos¬ 
sible  acetylene  alcohols;  thus  the  synthesis  {xroceeds  also  directly  with  the  cls-form  of  the  ketone  as  the  acetylene 
alcohol  (Xni)  obtained  Is  a  derivative  of  cis-decalin  [7]. 


In  the  condensation  of  acetylene  with  trans-a-decalone,  two  acetylene  alcohols  are  formed  and  these  are 
derivatives  of  trans-decalin. 


C=CH 

H>0H 


CD -CD 


C  =  CH 

H  L-OH 
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The  acetylene  alcohols  (XIII  and  XIV)  were  hydrated  under  mild  conditions  and  their  hydration  products 
readily  formed  semicarbazones  and  a  2,4-dinitrophenylhydra2one  (for  XIV),  while  the  ethynyldecalol  (XV)  re¬ 
quired  drastic  conditions  for  hydration  and  a  semicarbazone  was  obtained  with  difficulty  from  the  acetyldecalol 
corresponding  to  it.  Acetylation  of  the  trans -ethynyldecalol  (XIV)  proceeded  much  more  readily  than  the  acetyl¬ 
ation  of  the  epimeric  acetylene  alcohol  (XV).  The  cis -ethynyldecalol  (XIII)  was  also  acetylated  under  mild  con¬ 
ditions.  On  the  basis  of  acetylation  data,  it  was  assumed  that  in  compounds  (XIII)  and  (XIV)  the  hydroxyl  group 
was  in  an  equatorial  position  and  in  the  acetylene  alcohol  (XV),  it  was  in  an  axial  position  [7]. 

Thus,  the  three  cis-a-ethynyldecalols  (I,  IV  and  XIII),  obtained  by  one  method,  have  similar  chemical 
properties  and  apparently  have  identical  steric  structures  at  Cl.  The  trans-a-ethynyldecalols  (XIV)  and  (XV)  dif¬ 
fer  from  each  other  in  the  disposition  of  the  substituents  at  Cl,  like  their  derivatives,  the  vinyl-ethyl-  and  acetyl- 
a  -decalols. 

In  order  to  confirm  this  conclusion,  we  plotted  the  absorption  spectra  of  the  acetylene  alcohols  (I,  IV  and 
XIII-XV)  and  their  reduction  and  hydration  products  in  the  region  900-1500  cm"^ 

The  literature  contains  disconnected  data  on  the  absorption  spectra  of  tertiary  cyclic  alcohols,  referring  to 
tertiary  cyclohexanols  and  tertiary  alcohols  of  the  steroid  series  [8-12].  There  is  no  information  on  the  differences 
in  the  spectra  of  tertiary  cyclic  alcohols  with  different  orientations  of  the  hydroxyl  groups.  According  to  litera¬ 
ture  data,  the  bands  pertaining  to  valence  oscillations  of  the  ->^C-  OH  group  of  tertiary  cyclic  alcohols  lie  in  the 
region  1100-1200  cm"^.  In  the  spectra  we  plotted  of  the  compounds,  a  large  number  of  bands  of  approximately 
equal  intensity  lay  in  the  region  1000-1200  cm"^  The  absorption  coefficient  we  calculated  in  this  region  for 
the  most  Intense  bands  of  certain  alcohols,  dissolved  in  carbon  disulfide,  equaled  40-50  units  in  most  cases.  From 
the  low  intensity  of  the  absorption  bands  and  their  large  number,  it  is  difficult  to  say  which  of  them  pertain  to 
~*>C-OH  valence  oscillations.  Despite  tills,  we  were  able  to  show  that  compounds  similar  in  chemical  properties 
had  similar  spectra,  while  compounds  with  opposite  configurations  at  Cl  differed  from  each  other. 

Figure  1  shows  absorption  spectra  of  two  epimeric  series  of  trans-a-decalol  derivatives.  In  comparing  the 
general  character  of  the  spectra  of  the  right  and  left  series  in  the  region  1000-1200  cm"\  one  notices  a  charac¬ 
teristic  change  in  the  transition  from  the  spectra  of  the  ethyl  alcohob  to  the  spectra  of  the  acetylene  alcohols. 
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Fig.  1.  Infrared  absorption  spectra  of  two  epimeric  series  of  trans-a- 
decalol  derivatives. 


I.  —  R  =  C,H5, 

Z.  —  R  =  CH=CHj, 

J. (xm-R  =  CSCH. 


—  R'CtH,, 
5.—  R  =  CH=CH,. 
5.{X7)-R=ChcH. 
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Fig.  2.  Infrared  spectra  of  cis-decalin  derivatives. 


7.—  R  =  C,Hj,r'=H, 
^.(VI)  -R-C,H5,R'  =  0, 
72.(XriI)-R-C=CH,R’=H, 
13.  (IV)  -R«C=CH,R'=0, 
r7.(VII)-R=C,H5,  R'=0H. 


9.  —  R  =  C2H5,  R'=9,  W.-  R  =  0, 

rt.{l)-R=C  =  CH,R'=0,  «. -R-OH. 

16.—  R-C1H5  ,  R'=0H, 

11.—  R-CjH,  ,  R'=0AC. 


While  the  most  intense  band  at  1150  cm"*  and  the  band  at  1100  cm"*  in  the  spectra  of  the  ethyldecalols 
(1  and  4)  are  single,  in  the  spectra  of  the  vinyldecalols  (2  and  5),  these  bands  acquire  a  complex  character  and 
include  2-3  peaks.  In  the  spectra  of  ethynyldecalols  (3  and  6),  these  bands  again  become  single.  In  going  from 
the  spectra  of  the  ethyldecalols  to  the  spectra  of  the  ethynyldecalob,  the  intensity  of  the  band  at  1020-1050  cm"* 
increases.  It  is  interesting  to  note  that  the  intensity  of  the  absorption  band  at  1150  cm"*  increases.  It  is  interest¬ 
ing  to  note  that  the  intensity  of  the  absorption  band  at  1150  cm"*  is  considerably  less  in  spectra  (4-6)  than  in 
spectra  (1-3).  As  was  indicated  above,  on  the  basis  of  the  chemical  properties  it  was  taken  that  in  alcohol  (XV) 
and  in  the  vinyl-  and  ethyldecalols  corresponding  to  it  (spectra  4-6^,  the  hydroxyl  group  has  an  axial  disposition, 
while  in  alcc^ol  (XIV)  and  its  hydrogenation  products  (spectra  1-3),  the  hydroxyl  group  is  oriented  equatorlally. 
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In  the  region  1200-In00  cm**,  the  similarity  of  tlie  absorption  spectra  within  the  series  (1-3)  and  (4-6)  and 
tlie  difference  between  spectra  of  tfie  left  and  right  series  are  observed. 

The  spectra  of  cis-decalln  derivatives  are  illustrated  in  Fig.  2.  As  we  indicated  above,  the  acetylene  al¬ 
cohols  (1,  IV  and  XIII)  were  prepared  in  our  laboratory  by  the  same  method  from  the  corresponding  cis-decalones. 
In  comparing  the  absorption  spectra  (12-14),  one  observes  the  similarity  between  them  and  the  difference  from 
tlie  spectra  of  the  acetylene  alcohols  of  the  trans-series  (3  and  6).  In  the  region  1000-1100  cm"*,  the  shapes  of 
the  spectra  (13  and  14)  are  very  similar,  while  in  spectrum  (12)  the  minima  are  less  sharply  expressed.  In  con¬ 
trast  to  spectra  (3-6),  in  the  regions  1070-1200  and  1240-1300  cm"*  there  are  no  intense  bands  in  the  spectra 
(12-14)  and  due  to  this,  characteristic  dips  are  formed.  The  spectra  of  the  ethyldecalols  of  the  cis-series  (7-9, 

11,  16  and  17),  derived  from  the  acetylene  alcohols  (I,  IV  and  XIII)  are  characterized  by  the  presence  of  an  ab¬ 
sorption  band  at  about  1100  cm"*.  This  band  is  absent  from  the  spectra  of  ethyldecalols  with  die  opposite  con¬ 
figuration  of  the  substituents  at  Cj  (10  and  15).  In  comparing  the  spectrum  of  die  diol  (17)  with  the  spectra  of 
epimeric  dlols  with  an  angular  mediyl  group  (15  and  16),  it  was  found  that  die  spectrum  (17)  was  very  similar  to 
spectrum  (16)  and  differed  from  spectrum  (15).  In  spectra  (16  and  17),  the  most  intense  band  in  the  region  1100- 
1200  cm"*  was  the  one  at  1100  cm"*.  In  spectrum  (15),  there  was  an  extremely  intense  band  at  1170  cm"*  in 
this  range.  Thus,  the  cis-ethynyldecalols  (I,  IV  and  XIII)  and  their  derivatives,  which  are  similar  in  chemical 
properties,  have  similar  absorption  spectra,  indicating  that  these  compounds  have  the  same  configuration  at  Cj. 

It  is  interesting  to  note  that  there  is  an  intense  absorption  band  at  980  cm"*  in  the  spectra  of  the  ethyldecalols. 
Most  of  the  cis-a-decalols  with  a  6-keto  group  and  without  it  have  an  intense  band  at  1220  cm"*  in  their  spectra. 
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Figure  3  shows  the  spectra  of  acetyl  derivatives  of  the  cis  and  trans  series,  which  we  prepared  by  hydra  - 
tion  of  die  corresponding  acetylene  alcohols  (I,  IV  and  XUI-XV)  [4,  7];  they  may  be  divided  into  two  groups  on 
the  basis  of  the  character  of  their  spectra  In  the  region  1100-1200  cm"*.  In  this  region,  spectra  (18-20)  contain 
three  bands.  The  most  intense  one  of  this  series  is  the  band  at  1130  cm"*.  In  spectra  (21-23),  the  bands  at  1150- 
1160  and  1207-1216  cm"*  are  the  most  Intense.  Intense  bands  are  absent  from  the  region  1220-1320  cm"*  in  the 
spectra  (21-23)  and  a  characteristic  dip  is  formed. 
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Tims,  the  spectrum  of  the  cls-acetyldecalol  (22)  is  more  similar  to  the  spectrum  of  the  trans-acetyldecalol 
(21)  than  to  the  spectrum  of  the  epimeric  trans-acetyldecalol  (18),  which  agrees  with  the  chemical  behavior  of 
these  acetyldecaloU.  On  the  basis  of  their  spectra,  the  acetyl  compounds  (V,  XVI  and  XVII)  may  apparently  be 
assigned  to  one  configurational  series  and  the  acetyldecalols  (II,  XVIII  and  XK)  to  the  other.  However,  in  Its 
chemical  properties,  tlie  acetyldecalol  (V)  is  similar  to  compounds  (II  and  XVIII).  Since  the  spectrum  of  this 
substance  was  plotted  with  the  material  In  the  crystalline  state,  we  cannot  exclude  the  possibility  that  it  exists 
In  a  converted  form  in  the  solid  state. 


EXPERIMENTAL 

Cis-l-ethynyl-l-hydroxy-6-keto-A®-octalin  (IV).  Into  a  three-necked  flask, cooled  with  dry  ice  and  ace¬ 
tone  (-70*),  was  distilled  0.5  liter  of  dry,  liquid  ammonia.  After  the  addition  of  3  g  of  metallic  sodium,  about 
30  liters  of  acetylene  was  passed  into  the  flask  over  a  period  of  one  hour  until  the  blue  color  disappeared.  Then, 
with  vigorous  stirring,  a  solution  of  10  g  of  cIs-6-methoxy-l-keto-A®-octalin  (III)  (b.p.  116-118*  at  1.5  mm, 
n*®D  1.5050)  in  30  ml  of  absolute  ether  was  added  over  a  period  of  one  hour.  Stirring  and  die  input  of  acetylene 
were  continued  for  a  further  six  hours  and  then  6  g  of  ammonium  chloride  was  added  and  the  solution  left  over¬ 
night.  On  the  following  day.  water  was  added  and  the  solution  extracted  with  ether.  After  evaporation  of  the 
ether,  the  residual  oil  was  shaken  for  two  hours  witli  10  ml  of  IQPjo  hydrochloric  acid.  We  obtained  3  g  of  ketone 
(IV)  with  m.p.  154-155*  (from  50*70  aqueous  methanol). 

Found  *7o:  0  75.00,75.07;  H  8.26,  8.40.  CeHigOj.  Calculated  *70;  0  75.00;  H  8.33. 

The  2,4-dinitrophenylhydrazone  of  (IV)  had  m.p.  161-162“  (from  alcohol). 

Found  *7o:  N  15.02,  15.06.  C18H20O5N4.  Calculated  ^o:  N  15.04. 

By  fractional  crystallization,  from  the  mother  solution  we  obtained  the  isomeric  ketol  (IVa)  with  m.p.  177- 
178*  (from  aqueous  methanol). 

Found  *70:  0  74.63.74.46;  H  8.40,  8.46.  CbHi602.  Calculated  *70:  0  75.00;  H  8.33. 

By  recrystallization  and  freezing  the  oil  left  after  separation  of  the  two  isomers  described  above,  we  ob¬ 
tained  50  mg  of  isomer  (IVb)  witli  m.p.  133-135“  (from  aqueous  methanol). 

Found  <70:  0  75.11.75.16;  H  8.26,  8.38.  CoHk02.  Calculated  *70:  0  75.00;  H  8.33. 

Hydration  of  acetylene  alcohol  (IV).  2  g  of  the  acetylene  alcohol  was  dissolved  in  48  ml  of  methanol  and 

4  ml  of  water  added;  tiien,  while  the  solution  was  heated  and  stirred,  0.6  g  of  finely  ground  mercuric  sulfate  was 
added  to  it  in  portions.  The  reaction  was  continued  for  six  hours  at  58-60*,  when  metallic  mercury  partially 
separated  and  then  tlie  reaction  was  continued  for  a  further  five  hours  while  the  solution  was  boiled.  After  the 
usual  treatment  [4]  and  chromatography,  from  tlie  benzene  fraction  we  obtained  1.3  g  of  cis-1 -acetyl-1 -hydroxy - 
6-ketodecalin  (V)  with  m.p.  74-75*  (from  benzene  with  petroleum  ether). 

Found  *70:  0  68.61,68.59;  11  8.68,8.73.  CcHigOg.  Calculated  C  68.54;  H  8.63. 

The  bis-2,4-dinitrophenylliydrazone  of  (V)  was  yellow  and  melted  at  157-158*  (from  alcohol). 

Found ‘Ifc:  N  19.70,  19.86.  CjgHggOgNg.  Calculated  *70:  N  19.65. 

Cis-1 -ethyl -1 -hydroxy -6-ketodecalin  (VI).  0.96  g  of  acetylene  alcohol  (IV)  was  hydrogenated  exhaustively 
in  alcohol  solution  in  the  presence  of  palladium  on  calcium  carbonate.  About  250  ml  of  hydrogen  was  absorbed. 
After  removing  the  solvent  and  recrystallizing  the  residue  from  a  mixture  of  ether  and  petroleum  etlier,  we  ob¬ 
tained  0.8  g  of  ketol  (VI)  with  m.p.  77-78*. 

Found  *7o:  0  73.63,73.68;  H  10.30,  10.17.  CigHjoOg.  Calculated ‘7>:  0  73.42;  H  10.28. 

The  golden  2,4-dinitrophenylhydrazone  of  (VI)  melted  at  150.5-151.5“  (from  alcohol). 

Found  *70:  N  14.64,  14.68.  C18H24O5N4.  Calculated  *70:  N  14.89. 

Cis-l-ethyl-l,6-dihydroxydecalin  (VII).  a)  A  solution  of  2.2  g  of  the  keto  alcohol  (VI)  in  15  ml  of  dry 
ether  was  poured  into  a  solution  of  1  g  of  lithium  in  120  ml  of  liquid  ammonia  and  then  about  20  ml  of  ethyl 
alcohol  was  added  dropwise  (until  the  solution  was  decolorized).  We  obtained  1.5  g  of  diol  (VII)  with  m.p.  161.5- 
162“  (from  alcohol). 
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Found  <70;  c  72.72,  72.68;  H  11.13.  CbHjzO^.  Calculated  <70;  C  72.68;  H  11.13. 

b)  An  ether  solution  of  3.4  g  of  cis-methoxyoctalone  (III)  was  added  to  an  ether  solution  of  ethylmagnesium 
bromide,  prepared  from  0.9  g  of  magnesium  and  4  g  of  ethyl  bromide.  After  working  the  product  up  and  chro¬ 
matographing  It,  from  the  benzene  fraction  we  obtained  2.6  g  of  an  oil,  which  was  reduced  with  1.1  g  of  lithium 
in  120  ml  of  liquid  ammonia  In  the  presence  of  alcohol.  We  obtained  2.7  g  of  a  crystallizable  oil,  which  yielded 
1.4  g  of  etliyldlol  (VII)  with  m.p.  160-161*.  A  mixed  melting  point  with  the  diol  from  experiment  "a"  was  not 
depressed. 

yrans-l-ethyl-l,6-dihydroxydecalin  (X).  1.5  g  of  trans-6-methoxy-A®-octalone  (VIII),  prepared  by  reduc¬ 
ing  2  g  of  methoxyhexalone  (XI)  witli  0.5  g  of  lithium  in  liquid  ammonia,  was  added  to  an  ether  solution  of  ethyl- 
magnesium  iodide,  prepared  from  0.4  g  of  magnesium  and  2.6  g  of  ethyl  iodide.  Working  up  yielded  1.4  g  of  oil. 
After  chromatography,  the  benzene  fraction  gave  1  g  of  an  oil,  which  was  reduced  with  lithium  in  liquid  ammonia, 
as  described  above.  We  obtained  diol  (X)  with  m.p.  113-114*  v  1018,  1057,  1101  cm‘^. 

Found 0  72.69,72.48;  1111,16,11.17.  CeHazOg.  Calculated  C  72.68;  H  11.18. 

Tran^-1  -ethyl- 1  -hydroxy -6 -ketodecalin  (DC).  150  g  of  diol  (X)  was  oxidized  with  chromium  trioxide  in 
acetic  acid.  We  obtained  80  mg  of  ketol  (DC)  with  m.p.  72-73*  (from  ether  and  petroleum  ether);  v  1132,  1150 
cm"\ 

Found  <70;  0  73.65,73.85;  H  10.26,  10.27.  CoHjoOi.  Calculated  <70:  C  73.42;  H  10.28. 

A  mixture  with  ketol  (VI)  melted  at  52-54*. 

Tlie  absorption  spectra  were  plotted  on  an  IKS -2  double-beam  infrared  spectrophotometer  with  an  NaCl 
prism.  The  resolving  power  of  the  apparatus  in  the  range  800-1200  cm"*  was  5-8  cm  and  at  1200-1500  cm"*, 
it  was  8-15  cm. 

Tlie  spectra  of  substances  (XIII,  XV  and  XDC)  were  plotted  with  the  materials  in  carbon  disulfide  solution 
in  a  cell  1  mm  thick  with  a  concentration  of  7  •  10"*.  The  other  substances  whose  spectra  are  presented  in  Fig.  1, 
cls-ethyldecalol  (spectrum  7)  and  the  acetyldecalols  (XVI)  and  (XVni)  were  examined  in  the  liquid  state  in  a 
cell  0.01  mm  thick.  The  rest  of  the  spectra  were  plotted  with  the  substances  in  the  crystalline  state  as  a  paste 
in  vaseline  oil.  The  film  thickness  was  about  0.01  mm. 

SUMMARY 

1.  It  was  shown  that  the  condensation  of  cis-6-melhoxy-A®-octalone  with  sodium  acetylide  in  liquid  am¬ 
monia  forms  cis-l-ethynyl-l-hydroxy-6-keto-A®-octalin,  a  derivative  of  cis-decalin, 

2.  A  series  of  substituted  cis-  and  trans-a-decalols  were  prepared. 

3.  The  absorption  spectra  of  a  series  of  tertiary  a-decalols  are  given  and  it  was  shown  that  the  cis-ethynyl- 
a  -decalols,  obtained  by  the  one  method,  are  similar  in  their  chemical  properties  and  have  similar  absorption 
spectra  in  tlie  region  1000-1350  cm"*. 
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As  we  reported  previously.  In  studying  the  reduction  of  a  series  of  substituted  hydroxy -fl-decalinones  with 
lithium  in  liquid  ammonia  and  sodium  boron  hydride,  we  obtained  a  series  of  decalindiols  containing  a  secondary 
hydroxyl  group  at  Cj  and  a  tertiary  hydroxyl  group  at  Ci  [1-3].  The  diols  obtained  in  this  way  were  simultaneously 
derivatives  of  secondary  6  -decalols  and  tertiary  a  -decalols. 

In  the  literature  there  are  quite  detailed  descriptions  of  the  absorption  spectra  of  secondary  B -decalols  and 
their  derivatives,  which  include  3 -hydroxy steroids.  Differences  were  also  found  in  the  spectra  of  0 -decalols  with 
different  steric  orientations  of  the  hydroxyl  groups.  It  was  found  that  the  absorption  spectra  of  secondary  cyclic 
alcohols  had  Intense  bands  in  the  region  1000-1050  cm”\  corresponding  to  C— OH  valence  oscillations;  thus,  the 
absorption  spectra  of  tra ns -6 -decalols  with  an  equatorial  disposition  of  the  hydroxyl  group  and  of  3-fl -hydroxy- 
steroids  witli  trans-linking  of  rings  A/B  were  characterized  by  the  presence  of  bands  close  to  1050  cm"*,  while 
the  absorption  spectra  of  0 -decalols  with  an  axial  disposition  of  the  hydroxyl  group  and  of  3-a-hydroxysteroids 
with  trans-linking  of  the  rings  A/B  were  characterized  by  the  presence  of  bands  close  to  1000  cm"*.  The  ab¬ 
sorption  spectra  of  acetates  of  0 -decalols  and  3 -hydroxysteroids  with  an  equatorial  hydroxyl  group  contained  an 
extremely  intense  single  absorption  band  in  the  region  of  1250  cm"*,  while  the  spectra  of  acetates  of  3 -hydroxy¬ 
steroids  and  0 -decalols  with  an  axial  hydroxyl  group  (regardless  of  the  configuration  of  compound  at  the  union  of 
rings  A  and  B)  have  a  complex  peak  consisting  of  several  bands  [4, 5].  The  literature  contains  only  fragmentary 
data  on  the  absorption  spectra  of  tertiary  a -decalols  [3]. 

In  the  present  report  we  present  die  absorption  spectra  of  l-substituted-trans-9 -methyl-1, 6 -decalindiols 
(I,  n  and  ni)  (1-3),  9-methyl-A®-l,6-octalindiols  (X,  XI  and  XII)  (10-12)  and  their  6 -monoacetates  (IV,  V,  VI, 
XIII,  XIV  and  XV)  (4-6  and  13-15)  and  also  the  absorption  spectra  of  the  starting  keto  alcohols  (VII-K  and  XVI- 
XVIII)  (7-9  and  16-18),  not  containing  a  secondary  hydroxyl  group,  plotted  in  the  region  900-1500  cm"*.  All 
these  compounds  (I-XVIll),*  as  tertiary  a -decalols,  have  the  same  configuration  of  the  substituents  at  Cj,  since 
they  were  all  prepared  from  the  acetylene  alcohol  (XVIII).  Diols  (I-III  and  X-XII)  contain  the  same  steric  orienta¬ 
tion  of  the  secondary  hydroxyl  group,  since  hydrogenation  of  the  unsaturated  alcohols  (H,  III  and  X-XII)  gave  the 
same  diol  (I)  in  each  case. 

Figure  1  shows  the  absorption  spectra  of  trans-9-methyldecalin  derivatives.  A  comparison  of  the  spectra 
presented  shows  the  sharp  difference  between  the  spectra  of  ketones,  alcohols  and  acetates.  The  spectra  of  the 
ketones  (7-9)  contain  a  collection  of  bands  of  approximately  equal  intensity.  In  the  range  1200-1300  cm"*  they 
have  a  characteristic  pattern  of  two  intense  peaks.  In  the  range  1100-1200  cm"*  there  is  a  collection  of  quite 
intense  bands  at  1110-1125,  1140-1150  and  1175-1185  cm"*.  The  band  at  1150  cm"*  is  absent  from  the  last 
spectrum.  In  the  region  1000-1100  cm"*,  an  increase  in  the  intensity  of  the  bands  is  observed  in  going  from  the 
spectrum  of  ethyldecalol  (VII)  to  that  of  ethynyldecalol.  Intense  bands  are  absent  from  the  spectra  of  the  diols 
(1,  2  and  3)  in  the  range  1100-1300  cm"*  and,due  to  this,  a  characteristic  dip  is  formed.  The  spectra  of  the  diols 


The  spectra  are  numbered  with  Arabic  numerals  and  die  compounds  with  the  corresponding  Roman  numerals. 
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have  three  bands  in  the  range  1100-1200  cm"^  In  going  from  the  spectrum  of  ethyldiol  (1)  to  that  of  vinyldiol 
(2)  and  then  that  of  ethynyldiol  (3),  not  only  the  frequencies  (1100,  1140  and  1175  cm"*), but  also  the  character 
of  the  intensity  ratios  are  preserved.  In  the  region  1000-1100  cm"*,  the  spectra  of  all  the  diols  show  an  intense 
peak,  corresponding  to  C— OH  oscillations  of  the  secondary  hydroxyl  group.  In  the  region  1050-1200  cm"*,  the 
spectra  of  the  acetates  (4  and  6)  are  characterized  by  the  absence  of  intense  bands  and  only  in  spectmm  (5)  is 
there  one  intense  peak  at  1170  cm"*  in  this  region.  In  the  region  1000-1050  cm'*,  like  the  spectra  of  the  diols, 
the  spectra  of  the  acetates  have  intense  bands  corresponding  to  the  C— OCO  oscillations.  The  spectra  of  the  ace¬ 
tates  differ  sharply  from  the  spectra  of  the  keto  alcohols  (7-9)  and  the  diols  (1-3)  in  the  presence  of  an  extremely 
intense  band  at  about  1250  cm"*,  characteristic  of  acetates. 

Figure  2  shows  the  absorption  spectra  of  9-methyl-A®-octalin  derivatives.  These  spectra  maintain  the  same 
general  pattern  of  the  spectra  illustrated  in  Fig.  1.  In  the  region  1200-1300  cm"*,  the  spectra  of  the  keto  alco¬ 
hols  (16-18)  have  three  absorption  bands. 
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In  the  region  1100-1200  cm‘\  the  spectra  (16-17),  like  the  spectra  (7  and  8),  have  three  quite  intense 
bands.  Like  spectra  (7-9),  spectra  (16-18)  show  an  increase  in  the  intensity  of  the  bands  in  the  range  1000-1100 
cm"*  in  going  from  the  spectrum  of  etiiyloctalol  (16)  to  the  spectrum  of  ethynyloctalol  (18).  Like  the  spectra  of 
diols  (1-3),  the  spectra  of  diols  (10-12)  retain  a  characteristic  dip  in  the  region  1100-1300  cm"*;  however,  in 
contrast  to  spectra  (1-3),  spectra  (10-12)  have  a  peak  at  about  1200  cm”*.  The  shapes  of  the  spectra  of  the 
acetylene  alcohols  (3  and  12),  which  have  two  extremely  intense  peaks  at  about  1030  and  1400  cm"*,  are  very 
strikingly  similar.  The  spectra  of  the  acetates  of  the  unsaturated  alcohols  (13-15)  are  also  very  similar  to  the 
corresponding  spectra  of  the  acetates  of  the  trans-series  (4-6).  Thus,  the  two  series  of  compounds  (I-K)  and 
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(X -XVIII)  with  the  same  disposition  of  the  substituents  and  similar  spectra  apparently  have  the  same  conformation 
and,  consequently,  the  angular  methyl  group  in  compounds  (X -XVIII)  has  an  axial  disposition.  In  the  range  1200- 
1450  cm"\  the  spectra  presented  have  a  collection  of  intense  bands,  observed  in  the  spectra  of  compounds  witfi 
CHj  and  CHj  groups.  The  presence  of  these  bands  is  connected  with  different  types  of  deformation  oscillations  of 
the  methylene  group.  The  most  intense  band,  belonging  to  the  deformation  oscillation  of  the  CHj  group  and  the 
asymmetric  deformation  oscillation  of  the  CH3  group,  is  observed  at  about  1460  cm“^.  There  are  also  intense  ab¬ 
sorption  bands  at  about  1435,  1410  and  1370  cm'^  and  below. 


suo  im  mo  mo  mo  mo  soo  woo  mo  1200  mo  woo  900  mo  ma  1200  mo  woo  woo 


900  1000  mo  1200  mo  woo  woo  1000  mo  mo  mo  woo  1500  100a  uao  mo  mo  woo  mo 

V  cm"* 


Fig.  2.  Infrared  spectra  of  9-methyl-A^-octalin  derivatives.  Explanation  in  text. 

As  was  previously  noted  [3],  there  is  a  band  at  980  cm"^  in  the  spectra  of  ethyl  alcohols.  In  the  spectra  of 
the  vinyl  alcohols,  there  is  an  absorption  band  at  990  cm'\  characteristic  of  compounds  of  the  type  RCH=CH2. 
For  examining  the  sterlc  disposition  of  the  secondary  hydroxyl  groups  in  the  diols,  in  the  table  are  given  the  char¬ 
acteristic  frequencies  of  the  C“OH  valence  oscillations  of  the  secondary  hydroxyl  groups  of  the  diols  (I-ni  and 
X-Xn)  and  the  frequencies  of  the  C-OCO  and  C-C-OC  oscillations  of  the  corresponding  acetates  and  also  the 

O 

spectra  of  the  series  of  diols  (XK-XXIII),  which  we  described  previously  [3, 6]. 

The  data  in  the  table  show  that  the  spectra  of  trans-decallndiols  (l-III)  have  one  intense  absorption  band 
in  the  region  1050-1030  cm"\  which  agrees  with  literature  data  for  the  spectra  of  trans-fl -decalols  with  an  equa¬ 
torial  hydroxyl  group.  In  the  spectrum  of  the  dlol  of  the  cis -series  (XX),  the  most  intense  absorption  band  is  at 
about  1030  cm"^  The  spectra  of  the  cis -decalindiols  (XXI  and  XXII)  are  characterized  in  this  region  by  tiiree 
intense  absorption  bands  at  about  1050,  1030  and  1005  cm'^  In  both  cases,  the  band  at  1050  cm"^  is  the  most 
intense.  The  spectra  of  the  unsaturated  diols  (X  and  XI)  have  several  absorption  bands  of  equal  intensity  in  the 
region  1065-1000  cm"^  The  spectra  of  the  acetylene  alcohols  (III  and  XII)  have  a  single  peak,  which  is  slightly 
displaced  into  the  region  of  lower  frequencies.  In  this  region,  the  spectra  of  the  alcohols  (XK-XXIII)  have  two 
bands;  however,  in  both  cases,  the  most  intense  peaks  are  those  at  about  1050  cm"\  The  extremely  high  inten¬ 
sity  of  the  band  at  1057  cm"^  in  the  spectrum  of  the  diol  (XXIII)  is  apparently  connected  with  the  presence  of 
two  equatorial  hydroxyl  groups  in  this  diol.  In  the  spectra  of  the  acetates,  the  band  corresponding  to  C— OCO 
oscillations  and  corresponding  to  the  C—OH  oscillations  in  the  spectra  of  the  original  alcohols  (I-ni  and  X)  is 
displaced  somewhat  toward  lower  frequencies  relative  to  the  absorption  bands  of  the  latter.  According  to  litera¬ 
ture  data  for  the  spectra  of  3 -hydroxy steroids  and  their  corresponding  acetates  with  an  equatorial  hydroxyl  group 
and  trans -coupling  of  the  rings  A/B,  this  displacement  occurs  in  tlie  same  direction.  On  the  contrary,  in  the  cor¬ 
responding  compounds  with  an  axial  hydroxyl  group,  the  frequency  of  the  C— OCO  oscillation  of  the  acetates  is 
higher  than  the  C—OH  frequency  of  the  alcohols  [5].  Only  in  the  acetate  of  diol  (XII)  is  the  frequency  of  the 
C— OCO  oscillation  higher  than  the  frequency  of  the  C—OH  oscillation  in  the  diol  itself.  The  extremely  intense 
single  absorption  band  of  CO— C— C  in  the  spectra  of  the  acetates  of  alcohols  (I,  H,  XI,  XII  and  XXI)  lies  in  the 

II 
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Fcxmula  and 
compound  No. 


Frequency  (cm"*) 


•Alcohols  (XX)  and  (XXI)  are  stereoisomers  with  respect  to  the  position  of  the  sub 
stituents  at  Ci. 


region  1260-1240  cm"*,  which  is  characteristic  of  the  spectra  of  fi-decalols  with  equatorial  hydroxyl  groups.  In 
this  region,  besides  the  basic  peak,  the  spectra  of  the  acetates  of  alcohols  (III  and  X)  have  a  less  intense  addi¬ 
tional  peak.  Thus,  the  spectra  of  the  diols  (I-III,  X-XII,  XK,  XXI-XXIII)  and  the  acetates  corresponding  to  them 
indicate  an  equatorial  disposition  for  the  secondary  hydroxyl  groups  in  these  compounds,  which  confirms  the  con¬ 
clusions  at  which  we  arrived  previously  on  the  structure  of  1,6-decallndiols  [2]. 

EXPERIMENTAL 

The  spoctra  of  the  tertiary  a-decalols  (1-18),  like  the  spectra  we  obtained  previously  [3],  were  plotted  on 
a  double-beam  infrared  spectropihotometer,  IKS-2,  with  an  NaCl  prism  in  the  region  900-1500  cm"*.  Onto  the 
recording  apparatus  was  mounted  a  calibration  marker,  connected  to  the  wavelength  drum.  The  spectra  were 
plotted  at  a  rate  of  11.5  cro'Vmin  on  a  scale  of  1.76  cm’Vmm.  The  accuracy  with  which  the  frequency  scale 
was  marked  out  on  die  spectrum  by  the  calibration  marker  was  not  less  than  ±2  cm"*  under  these  conditions. 

The  apparatus  was  calibrated  in  the  region  800-1900  cm"*  by  means  of  the  ammonia  and  atmospheric 
water  spiectra.  The  resolving  power  of  the  apparatus  in  die  range  800-1200  cm"*  was  5-8  cm"*  and  from  1200- 
1500  cm"*,  8-15  cm"*.  The  slits  were  opened  automatically  during  plotting  of  the  spectra  and  the  slit  widths 
were  reduced  by  a  factor  of  two  in  comparison  with  the  slit  widths  of  the  apparatus  issued  by  the  factory. 

To  calibrate  the  IKS-2  from  the  atmospheric  water  spectrum,  we  made  use  of  the  possibility  of  converting 
the  apparatus  to  single-beam  recording.  For  this  purpose,  the  constant  aperture  channel  was  shut  off  and  the  fol¬ 
lowing  system  balanced  by  applying  the  required  bias  potentials  to  the  cathode  of  the  6P6  tube  of  the  cathode 
follower  in  unit  No.  3  with  the  potentiometer  of  the  “balance  of  the  synchronous  detector"  on  the  control  pianel. 

In  converting  die  apparatus  to  the  double -beam  system,  the  following  system  had  to  be  balanced  again.  It  was 
more  convenient  to  apply  the  bias  potential  directly  from  the  anode  of  the  conesponding  6P6  tube  onto  its  grid 
through  a  divider  with  a  resistance  of  not  less  than  1.5  Mn.  The  voltage  divider  was  disconnected  from  the  anode 
of  the  tube  and  Its  grid  by  means  of  one  triple  tumbler.  Under  these  conditions,  the  following  system  of  the  IKS-2 
maintained  a  constant  amount  of  radiation  energy  falling  on  the  bolometer.  The  spectrum  was  obtained  with  the 
intensities  of  the  absorption  bands  reversed  with  respect  to  double -beam  recording. 

Since  most  of  the  substances  were  sparingly  soluble  in  carbon  disulfide,  the  spectra  of  all  the  substances 
were  plotted  with  the  materials  in  a  crystalline  state  as  a  paste  in  vaseline  oil.  The  film  thickness  was  approx¬ 
imately  0.01  mm.  Into  the  balancing  beam  was  placed  a  cell  with  a  layer  of  vaseline  oil  of  the  chosen  thickness. 

SUMMARY 

1.  The  absorption  spectra  of  a  series  of  substituted  1,6-decalindiols,  A®-l,6-octalindiols  and  their  acetates 
and  the  6-keto  alcohols  corresponding  to  them  in  the  region  900-1500  cm"*  are  presented  and  described. 

2.  By  means  of  the  absorption  spectra  of  1-ethyl-,  1-vinyl-  and  1-ethynyl -substituted  9-methyl-l,6-decal- 
indiols,  9-methyl-A®-octalindiol  and  its  1 -ethyl,  1 -vinyl  and  1-ethynyl  derivatives  and  the  spectra  of  their  ace¬ 
tates,  it  was  shown  that  these  compounds  contained  an  equatorial  secondary  hydroxy  group. 

LITERATURE  CITED 

[1]  I.N.  Nazarov  and  LA.  Gurvich,  J.  Gen.  Chem.  25,  956  (1955).* 

[2]  LN.  Nazarov  and  LA.  Gurvich,  J.  Gen.  Chem.  29,  No.  2  (1959).** 

[3]  LN.  Nazarov,  LA.  Gurvich,  G.V.  Aleksandrova,  N.V.  Kuznetsov  and  A.P.  Vasil'ev,  J.  Gen.  Chem.  29, 
753  (1959).* 

[4]  U.G.  Dauben,  E.  Hoerger  and  N.K.  Freeman,  J.  Am.  Chem.  Soc.  74,  5206  (1952). 

[5]  R.N.  Jones  and  F.  Herling,  J.  Am.  Chem.  Soc.  78,  1152  (1956). 

[6]  LN.  Nazarov  and  LA.  Gurvich,  Bull.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.  1958,  371.* 

Received  January  4,  1958 

•Original  Russian  pagination.  See  C.B.  translation. 

••See  C.B.  translation. 


753 


SYNTHESIS  OF  DIENES  WITH  A  FIXED  TRANSOID  DISPOSITION 
OF  THE  DOUBLE  BONDS 

I.N.  Nazarov  and  N.V.  Kuznetsov 

Institute  of  Organic  Chemistry,  Academy  of  Sciences.  USSR 


In  continuing  work  begun  previously  [1]  on  the  synthesis  of  cyclic  dienes  with  a  fixed  transoid  disposition 
of  the  double  bonds,  we  developed  a  method  of  synthesizing  methylenecyclopentene  (V)  by  the  following  scheme: 


CHjCOOH 

1 

GHjCOCl 

1 

.CH2NH2 

1 

CH2N(CH3)^ 

1 

0  - 

1 

0  - 

1 

/\ 

\/ 

x> 

(1) 

(II) 

(III) 

(IV) 

CH2N(CH3)30H 

II 

^  V 

- 

II 

\/ 

CH2COOH 
CH,0  -f  1 

CH2COOH 

(V) 

Methylenecyclopentene  (V)  is  a  compound  with  very  much  lower  stability  than  methylenecyclohexene 
(XVIII),  is  readily  oxidized  in  air,  and  gradually  polymerizes  on  standing  in  a  sealed  ampoule,  even  in  the  pres¬ 
ence  of  stabilizers.  It  does  not  give  crystalline  adducts  with  maleic  anhydride  and  benzoquinone.  When  ozonized 
it  forms  formaldehyde  and  succinic  acid. 

We  also  developed  another  method  of  synthesizing  methylenecyclopentene  by  the  scheme 


(VI)  (VII)  (VIll)  (K)  (X)  (XI) 


The  samples  of  methylenecyclopentene  (V)  obtained  by  the  different  methods  were  found  to  be  identical 
(by  the  spectra  and  other  physical  constants  and  also  from  the  ozonization  products). 

The  pyrolysis  of  the  diacetate  (Xni),  obtained  from  methylcyclopentene,  yielded  2-methylcyclopentadiene 
(XIV),  whose  structure  was  proved  by  its  adduct  with  maleic  anhydride  and  the  ultraviolet  spectrum,  and  also  the 
monoacetate  (XlVa),  whose  structure  was  not  proved. 

I  l/“"  1/"'"'=  I  I 

/V  H.°.  -  _  /X  , 

HCOOH  +  1^/ 

(XU)  (XIII)  (XIV)  (XlVa) 

We  also  studied  possible  methods  of  synthesizing  methylenecyclohexene  (XVIII).  In  order  to  synthesize 
methylenecyclohexene  by  a  scheme  analogous  to  the  preparation  of  methylenecyclopentene  by  the  pyrolysis  of 
the  diacetates,  it  was  necessary  to  develop  a  convenient  method  of  synthesizing  methylenecyclohexane  (XV). 
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CHjOAc 


(XV) 


/ 

I/’" 


/\ 


(XVI) 


^OAc 

|/)Ac. 

/\ 


\/ 

(XVII) 


(XVIII)  (XIX) 


After  a  detailed  study  of  the  reactions  of  cyclohexanone  with  ketene  in  the  presence  of  various  catalysts, 
we  were  able  to  find  suitable  conditions  for  the  synthesis  of  (XV)  in  good  yield. 

The  cyclohexanone  was  condensed  with  ketene  in  an  ether  medium  in  the  presence  of  boron  trifluoride 
etherate  to  yield  a  5  -lactone,  which  was  decarboxylated  by  heating  to  110*  to  give  (XV)  in  about  60°Jo  yield. 


O— CO 
-  I  I 
1  /\CH2 

J\/ 


(XV); 


\/ 


(XX) 


In  passing,  we  also  studied  the  condensation  of  ketene  witii  2-methylcyclohexanone,  cyclohexenone  and 
cyclopentanone  and  pyrolysis  of  the  lactones  formed  gave  2-methylmethylenecyclohexane  (XX),  methylenecy- 
clohexene  (XVIII)  and  methylenecyclopentane  (VIII)  in  yields  of  only  40,  10  and  15*70,  respectively.  The  glycol 
(XVI),  obtained  by  oxidation  of  metliylenecyclohexane  (XV),  was  converted  into  the  diacetate  (XVII).  At  500*, 
the  diacetate  obtained  gave  a  mixture  of  methylenecyclohexene  (XVIII)  and  the  acetate  of  cyclohexenylmethanol 
(XIX).  Tlie  methylenecyclohexene  (XVIII)  obtained  by  this  method  was  found  to  be  identical  in  its  physical  con¬ 
stants  with  samples  of  (XVIII),  which  we  prepared  previously  by  other  methods  [1]. 

Chloromethylation  of  cyclohexene  in  the  presence  of  zinc  chloride  at  55-60®  gave  a  mixture  of  chlorides. 


1  1 

(cn,0)„^ 

1  1 

1-  1  1 

IK'I 

1  1 

11, 

Znri, 

\/ 

Cl 


-CII2CI 


(XVIII) 


Elimination  of  hydrogen  chloride  from  the  mixture  of  chlorides  with  potassium  hydroxide  in  boiling  ethylene 
glycol  also  produced  methylenecyclohexene  (XVIII)  in  a  total  yield  of  about  40*70. 

We  also  studied  the  pyrolysis  of  the  diacetate  (XXII),  obtained  by  the  following  scheme: 


/'//OAC 

1 

1  1 

-»  1  1 

45()°^  1  1  +  (XVI 11)  -} 

I 

\/ 

\/ 

\/ 

\/ 

(XXI) 

(XXII) 

(XXIII) 

(XXIV) 

OAc 


It  was  found  that  in  contrast  to  the  pyrolysis  of  its  cyclopentane  analog  (XIIJO,  the  pyrolysis  of  (XXII)  gave 
a  mixture  of  methylenecyclohexene  (XVIII)  and  2-methylcyclohexadiene  (XXIII)  in  a  ratio  of  1:1.  By  treatment 
of  the  mixture  obtained  with  maleic  anhydride,  it  was  possible  to  isolate  methylenecyclohexene  (XVIII),  with 
which  maleic  anhydride  did  not  react,  and  also  the  adduct  of  2-methylcyclohexadiene  with  maleic  anhydride. 

We  also  developed  a  method  of  synthesizing  a  diene  with  a  transoid  system  of  double  bonds  coimected  to 
a  cyclobutane  ring,  2,3-dimethylmethylenecyclobutene  (XXXI)  by  tlie  following  scheme  (a  synthesis  of  (XXXI) 
by  similar  methods  was  recently  published  in  the  literature  [3]); 


(XXV)  (XXVI)  (XXVI!)  (XXVIII) 
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N(CH,)jI 

N(CHj)j0H 

(XXDC) 

(XfflO 

IXXM) 


The  spectra  and  other  constants  of  (XXXI)  were  identical  with  those  described  in  the  literature  [3]. 

None  of  the  dienes  we  described  with  a  fixed  transoid  disposition  of  the  double  bonds,  apart  from  (XXXV) 
described  below,  gave  crystalline  adducts  with  maleic  anhydride  or  benzoquinone  (at  25  and  100*). 

In  studying  the  pyrolysis  reactions  of  the  acetates  of  various  cyclic  glycols  and  alcohols,  we  also  studied 
the  pyrolysis  of  the  diacetate  (XXXIV).  We  prepared  the  latter  by  the  general  scheme,  starting  from  A^-l,2-di- 
methylcyclohexene  (XXXII),  which  was  prepared  from  2-methylcyclohexanone. 
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It  was  found  that  pyrolysis  of  (XXXII)  formed  2-methylmethyIenecyclohexene  (XXXV)  and  also  a  mono¬ 
acetate,  whose  strucmre  was  not  established.  The  position  of  the  absorption  maximum  in  the  ultraviolet  indicated 
a  transoid  disposition  of  the  double  bonds.  The  structure  of  (XXXV)  was  proved  by  its  oxidation  with  permanganate 
in  the  cold,  which  yielded  glutaric  acid  (65*^).  The  hydrocarbon  obtained  gave  a  crystalline  adduct  with  maleic 
anliydride  (about  50^o),  whose  structure  has  not  as  yet  been  established. 


EXPERIMENTAL 

All  tlie  pyrolysis  reactions  were  performed  in  a  pyrex  tube  (18-mm  diameter  and  the  heated  section  40  cm 
long)  filled  with  pyrex  rings  (2-mm  diameter). 

Preparation  of  (A^-cyclopentenylmetliyl)-amine  (III).  With  vigorous  stirring  and  cooling  to  0*,  a  solution 
of  116  g  of  the  acid  chloride  (II),  obtained  from  (I)  by  the  action  of  phosphorus  trichloride  [2],  in  350  ml  of  ether 
was  added  over  a  period  of  two  hours  to  a  solution  of  88  g  of  sodium  azide  in  200  ml  of  water.  The  solution  was 
stirred  for  a  further  two  hours  and  then  the  ether  layer  separated,  washed  with  sodium  bicarbonate  solution 
and  water  and  added  dropwise  to  boiling  benzene  (350  ml)  over  a  period  of  three  hours.  After  the  addition,  the 
benzene  solution  was  boiled  for  a  further  one  hour  until  the  evolution  of  nitrogen  ceased  and  was  then  added 
dropwise  to  500  ml  of  boiling  HCl  over  a  period  of  four  hours.  Boiling  was  continued  for  a  further  one  hour  until 
the  evolution  of  carbon  dioxide  ceased.  The  aqueous  layer  was  evaporated  to  dryness  in  vacuum  and  the  residue 
decomposed  with  excess  30^o  sodium  hydroxide.  The  layer  of  amine  liberated  was  dried  with  solid  sodium  hy¬ 
droxide  and  distilled.  We  tlius  obtained  49  g  oi  amine  (III)  with  b.p.  134“  (747  mm),  n*^D  1.4750. 

Found  <70:  N  14.75,  14.83.  CgHnN.  Calculated  *70:  N  14.30. 

The  picrate  had  m.p.  118-119“. 

Methylation  of  amine  (III).  71  g  of  methyl  iodide  was  added  at  0“  to  a  solution  of  49  g  of  the  amine  in 
100  ml  of  methanol  and  tlien  with  stirring,  a  further  71  g  of  methyl  iodide  was  added,  followed  by  a  solution  of 
20  g  of  sodium  hydroxide  in  100  ml  of  methanol,  with  cooling:  after  two  hours,  71  g  of  methyl  iodide  was  again 
added  and  then  anotlier  solution  of  20  g  of  sodium  hydroxide  in  100  ml  of  methanol.  The  operation  was  per¬ 
formed  two  more  times  and  then, on  the  following  day,  the  solution  was  boiled  under  reflux  until  it  was  neutral 
to  litmus.  The  methanol  was  evaporated  and  the  residue  dissolved  in  a  small  amount  of  water.  The  solution 
was  jxjured  into  150  ml  of  35*70  sodium  hydroxide  solution  and  the  methiodide  (IV)  liberated  was  separated  and 
recrystallized  from  a  mixture  of  acetone  and  methanol.  We  obtained  133  g  (100*7®)  of  the  methiodide  (IV)  with 
m.p.  188-189*  (decomp.). 

Found  7o:  N  5.51,  5.49.  CjIIuNI.  Calculated ‘fe  N  5.24. 
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Preparation  of  metiiylenecyclopentene  (V).  Witli  stirring  and  cooling  in  ice,  a  solution  of  100  g  of  methi- 
odide  (IV), in  300  ml  of  water  and  50  ml  of  metlianol,  was  added  to  freshly  precipitated  silver  oxide  (prepared 
from  144  g  of  silver  nitrate  and  50  g  of  potassium  hydroxide)  and  100  ml  of  water.  The  reaction  mixture  was 
stirred  at  room  temperature  for  two  hours  and  then  left  overnight.  The  solution  of  reaction  products  was  separated 
from  the  silver  salts,  wliich  were  washed  with  50  ml  of  water.  The  filtrate  and  wash  water  were  evaporated  in 
vacuum  at  a  temperature  not  exceeding  55*  and  the  residue  was  pyrolyzed  by  heating  to  140-150*  in  a  vacuum 
of  45  mm.  The  reaction  products  were  collected  in  a  trap  (cooled  with  a  mixture  of  acetone  and  dry  ice).  The 
mixture  of  reaction  products  was  poured  onto  ice  and  the  hydrocarbon  layer  separated,  dried  with  potassium  car¬ 
bonate  and  distilled  on  a  column:  this  yielded  25  g  (57.6*7o)  of  methylenecyclopentene  (V). 

B.p.  79-79.5“  (750  mm),  n*®D  1.4850,  ^rnax  ^  14300  (heptane);  IR-spectrum  (in  CCl^):  1000, 

1100,  1140,  1280,  1450,  1630  cm"*. 

Found  %  C  89.80,  89.70;  H  10.00,  10.20.  CgH,.  Calculated  %  C  90.00;  H  10.10. 

The  hydrocarbon  was  extremely  readily  oxidized  in  air  and  gave  a  polymer  with  maleic  anhydride  at  25 
and  100“  and  quinhydrone  with  benzoquinone.  Attempts  to  condense  it  with  acrylonitrile  at  150“  [as  in  the  case 
of  methylenecyclopentane  (VIII)]  proceeded  with  explosive  decomposition. 

Ozonization  of  metiiylenecyclopentene  (V).  1  g  of  methylenecyclopentene  in  35  ml  of  ethyl  acetate  was 
ozonized  witli  a  stream  of  ozonized  oxygen  (0.01  m/hour)  for  five  hours  at  ~40*.  17  ml  of  the  ozonide  solution 
obtained  was  hydrogenated  in  a  long-necked  flask  with  Pt02  until  the  absorption  of  hydrogen  ceased.  The  formal¬ 
dehyde  content  was  determined  by  distillation  into  a  solution  of  1.2  g  of  dinitrophenylhydrazine  in  50  ml  of 
methanol  and  1  ml  of  concentrated  sulfuric  acid.  The  crystals  (0,92  g)  isolated  melted  at  160-161“  (from  meth¬ 
anol)  and  did  not  depress  the  melting  point  of  an  authentic  sample.  To  the  residual  solution  of  ozonide  was  added 
3  ml  of  90*^0  peracetic  acid  and  then  the  solution  was  heated  at  60“  for  four  hours.  The  ethyl  acetate  and  acetic 
acid  were  distilled  off  in  vacuum  and  die  succinic  acid  isolated  (0.5  g)  had  m.p.  180-181“  (from  water)  and  did 
not  depress  die  melting  point  of  an  authentic  sample. 

Synthesis  of  a  mixture  of  cyclopenteneacetic  acids  (VII).  a)  316  g  of  cyclopentanone,  290  g  of  cyanoacetlc 
acid,  40  ml  of  piperidine  and  240  ml  of  benzene  were  heated  together  to  160".  The  water  liberated  during  the 
reaction  was  separated  with  a  water  separator.  The  mixture  was  boiled  until  the  separation  of  water  ceased.  Af¬ 
ter  cooling,  the  reaction  mixture  was  washed  widi  water,  dilute  hydrochloric  acid,  and  then  5*70  sodium  bicarbonate 
solution.  The  residue  after  evaporation  of  the  benzene  was  vacuum  distilled.  We  thus  obtained  300  g  (76*5^)  of 
a  mixture  of  nitriles  (VI)  with  b.p.  90-92"  (25  mm). 

b)  The  mixture  of  nitriles  (VI)  was  hydrolyzed  by  boiling  with  sodium  hydroxide  solution  (230  g  in  1  liter 
of  water)  for  ten  hours  until  the  evolution  of  ammonia  ceased.  The  reaction  product  was  acidified  with  800  ml 
of  concentrated  hydrochloric  acid  with  cooling  and  the  liberated  oily  layer  extracted  with  ether,  washed  care¬ 
fully  with  5*70  sodium  acetate  solution  and  water,  and  dried  with  calcium  chloride.  After  removal  of  the  ether, 
the  residue  (300  g)  crystallized  and  had  m.p.  50-53“. 

Preparation  of  methylenecyclopentane  (VIII).  In  the  decarboxylation  of  the  mixture  of  acids  (VII),  meth¬ 
ylenecyclopentane  (VIII)  was  obtained  in  exactly  the  same  yield  from  the  crude  material  as  from  the  redistilled 
mixture  of  acids  (VII)  and,  therefore,  the  crude  mixture  of  acids  (VII)  was  used  for  the  pyrolysis.  200  g  of  this 
mixture  of  acids  (VII)  was  heated  in  a  Wurtz  flask  so  that  the  temperature  of  the  emergent  vapors  did  not  exceed 
105“.  The  distillate  obtained  was  washed  with  lO^o  sodium  carbonate  solution,  dried,  and  distilled  on  a  column. 

We  obtained  100  g  (78^o)  of  methylenecyclopentane  (VIII)  with  b.p.  72.5-73*  (750  mm),  n^D  1.4362. 

Oxidation  of  methylenecyclopentane  (VIII).  100  g  of  (Vni)  was  added  dropwise  to  a  stirred  solution  of 
250  g  of  30^0  hydrogen  peroxide  and  800  ml  of  857°  formic  acid  at  30-35*.  The  reaction  mixture  was  left  over¬ 
night  and  tiien  the  residue  (after  removal  of  the  water  and  formic  acid  in  vacuum)  was  stirred  at  45"  with  600  ml 
of  2<yjo  sodium  hydroxide,  'flie  solution  of  reaction  products  was  saturated  with  potassium  carbonate,  the  layer 
of  liberated  glycol  separated  and  the  aqueous  layer  further  extracted  with  ethanol.  The  combined  extracts  were 
dried  with  potassium  carbonate  and  the  residue  after  removal  of  the  ethanol  was  vacuum  distilled.  We  obtained 
110  g  of  glycol  (DC)  with  b.p.  122-128"  (20  mm),  which  crystallized  in  the  receiver;  the  m.p.  was  38"  (from 
petroleum  ether  with  b.p.  60-80“),  The  literature  reports  m.p.  39-41"  [4]. 
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Acetylation  of  glycol  (K).  250  g  of  acetyl  chloride  was  added  dropwise  to  a  stirred  mixture  of  110  g  of 
glycol,  200  ml  of  ether  and  450  g  of  dimethylaniline.  After  the  addition,  the  reaction  mixture  was  boiled  under 
reflux  for  three  hours  and  dien  poured  into  water.  The  layer  which  separated  was  washed  with  10^  hydrochloric 
acid  to  an  acid  reaction  to  Congo  and  with  sodium  bicarbonate  solution  and  dried  with  magnesium  sulfate. 
Vacuum  distillation  yielded  Ibb  g  of  diacetate  (X)  with  b.p.  119-123*  (17  mm),  1.4460. 

Found 0  60.40,60.78;  H  7.98,  8.18.  CjoHjgO^.  Calculated ‘fe  C  60.00;  H  8.00. 

Preparation  of  methylenecyclopentene  (V).  100  g  of  the  diacetate  (X)  was  fed  dropwise  in  a  stream  of  ni¬ 
trogen  into  a  mbe  filled  witii  pyrex  rings  (2 -mm  diameter)  at  a  temperature  of  500*.  The  rate  of  addition  was 
one  drop  per  second.  The  pyrolysis  products  were  washed  with  water  and  10^  sodium  carbonate  solution  and  dried 
with  sodium  carbonate.  Distillation  on  a  column  yielded  18  g  of  methylenecyclopentene  (V)  with  b.p.  79.5* 

(750  mm),  n*^D  1.4850,  234  m/i,  c  14000  (in  heptane),  and  also  3  g  of  a  fraction  of  monoacetate  (XI)  with 

b.p.  74-76*  (18  mm),  n*®D  1.4500.  Hydrolysis  of  this  fraction  with  alcoholic  alkali  yielded  0.5  g  of  cyclopentenyl- 
methanol  with  bj>.  81-90*  (50  mm),  i^®D  1.4856;  the  phenylurethan  had  m.p.  66*.  •  Literature  data  [5]:  b.p.  95- 
96*  (6-8  mm),  n"D  1.4851;  phenylurethan,  m.p.  65-67*. 

Reaction  of  cyclohexanone  with  ketene.  Into  a  very  well -stirred  mixture  of  100  ml  of  cyclohexanone, 

100  ml  of  ether  and  0.5  ml  of  boron  trifluoride  etherate  at  0-2*  was  passed  ketene  (10  g/hour)  for  four  hours.  At 
the  end  of  the  reaction,  the  product  was  treated  with  a  few  milliliters  of  saturated  sodium  carbonate  solution, 
dried  with  magnesium  sulfate,  filtered  carefully  and  the  residue,  after  removal  of  the  ether,  was  heated  at  110* 
until  the  evolution  of  carbon  dioxide  ceased.  We  obtained  20  g  of  metfiylenecyclohexane  (XV)  with  b.p.  100-102*, 
35  g  of  cyclohexanone  with  b.p.  100-102*  (150  mm),  n*®D  1.4500,  and  also  15  g  of  a  dimer  of  undetermined 
structure. 

The  methylenecyclohexane  (XV),  obtained  from  a  series  of  experiments,  was  dried  with  potassium  carbonate 
and  distilled  on  a  column  of  20  theoretical  plates.  200  g  of  a  fraction  with  b.p.  100-108*  was  taken  for  distilla¬ 
tion  and  yielded  150  g  of  pure  metfiylenecyclohexane  with  b.p.  102.5*  (738  mm),  n*®D  1.4510. 

The  reaction  of  cyclohexanone  with  ketene  was  studied  under  various  conditions  and  with  various  catalysts 
The  results  of  these  experiments  are  given  in  the  table. 


Preparation  of  Methylenecyclohexane  (XV) 


Expt. 

No. 


Amount  of 
components 


Catalyst 


Amt  of 
catalyst 


BF, 


Cyclohexanone 
100  ml 


Cyclohexanone 
100  ml  + 

+  ether  200  ml 


HgCla 

HjBOa 

ZnClj 

BF, 

ZnClj 


0.5  ml 
0.5  ml 
0.5  ml 
2  g 
1  g 
5  g 
0.5  g 
1.5  ml 
1.5  ml 
1  ml 
1  ml 
1  ml 
0.5  g 


Temper¬ 

ature 

Time 

(hours) 

Yield 
of  (XV) 

(In  g) 

Starting 
material 
recovered 
(in  g) 

-10* 

4 

10 

30 

0 

2 

15 

40 

-40 

2 

10 

70 

0 

2 

20  « 

50 

0 

2 

25 

50 

28 

3 

5 

90 

-  5 

2 

25 

- 

0 

2 

30 

30 

8 

2 

25 

30 

0 

2 

45 

30 

0 

2 

65 

10 

0 

2 

70 

10 

0 

2 

30 

15 

Pyrolysis  of  diacetate  (XVII).  The  glycol,  obtained  by  oxidation  of  methylenecyclohexane  [8]  (XV),  was 
acetylated  with  a  mixture  of  acetyl  chloride  and  dimethylaniline.  We  obtained  an  86%  yield  of  the  diacetate 
(XVH)  with  b.p.  137-140*  (18  mm),  n*®D  1.4538. 

Found  %:  C  62.04,  62.02;  H  8.71,  8.59.  CnHiPj.  Calculated  %;  C  61.68;  H  8.41. 
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110  g  of  the  dlacetate  (XVII)  was  fed  dropwise  In  a  stream  of  nitrogen  through  a  tube  at  500*,  filled  with 
pyrex  rings,  over  a  period  of  two  hours.  The  usual  treatment  of  the  reaction  products  and  their  distillation  on  a 
column  yielded  35  g  (87*70)  of  metliylenecyclohexene. 

B.p.  112.5"  (750  mm),  n*®D  1.4930,  ^niax  ^  15000  (heptane),  IR-spectrum  determined  in  CCI4: 

1125,  1425,  1650,  2960  cm'^  Raman  spectrum:  1214.4  (int.),  1637  (very  int.),  2491.1  (weak),  2873.9  (weak), 

3125  (int.),  3339.6  (weak),  3419.6  (average)  cm"*. 

In  addition,  we  obtained  2  g  of  acetoxymethyl- A' -cyclohexene  (XIX)  with  b.p.  92-96*  (16  mm),  r^®D  1.4450. 
When  hydrolyzed  with  alcoholic  alkali,  1  g  of  the  substance  was  converted  into  A’-cyclohexenylmethanol  (0.5  g) 
with  b.p.  95-97*  (20  mm),  n*®D  1.4915;  the  phenylurethan  had  m.p.  95*.  Literature  data  [5]:  b.p.  95-96*  (23  mm), 
n^®D  1.4905. 

Pyrolysis  of  diacetate  (XXII).  Glycol  (XXI),  obtained  by  oxidation  of  methylcyclohexene  [6,  8],  was  acetyl- 
ated  by  the  procedure  described  above.  The  diacetate  (XXII)  obtained  (80*70  yield)  had  b.p.  132-134*  (200  mm), 
n^®D  1.4500. 

Found  *7o:  0  62.09,61.68;  H  8.36,  8.39.  CjiHigO^.  Calculated  *7o:  C  61.8;  H  8.41. 

110  g  of  the  diacetate  was  fed  dropwise  over  a  period  of  three  hours  in  a  stream  of  nitrogen  through  a  pyrex 
tube  filled  with  glass  rings  at  460".  The  pyrolyzate  was  treated  in  the  usual  way  to  yield  12  g  of  a  mixture  of 
dienes  (XVIII)  and  (XXIII),  b.p.  52.5*  (105  mm),  n?®D  1.4820  (^max  ^31  and  262  m/i)  (fraction  A),  25  g  of  mono¬ 
acetate  (XXIV)  with  b.p.  96*  (30  mm),  n*®D  1.4590  and  24  g  of  the  starting  diacetate  (XXII)  with  b.p.  125-135* 

(20  mm),  n2®D  1.4480-1.4520. 

5  g  of  fraction  A  was  heated  with  maleic  anhydride  in  15  ml  of  ethylbenzene  at  30*  for  one  hour.  The 
solution  of  reaction  products  was  washed  witli  warm  water  and  dried  with  potassium  carbonate.  Distillation  of 
tlie  hydrocarbon  layer  on  a  column  of  40  theoretical  plates  yielded  2  g  of  methylenecyclohexene  (XVni)  with 
b.p.  52.5*  (105  mm),  n*®D  1.4915,  ^^nax  231.5  m/i.  In  addition,  the  aqueous  extracts  yielded  an  acid,  corres¬ 
ponding  to  tlie  adduct  of  2-methylcyclohexadiene  (XXIII)  with  maleic  anhydride.  The  acid  obtained  was  con¬ 
verted  into  an  anliydride  with  m.p.  60-61*  and  through  the  anhydride  into  a  toluidide  with  m.p.  180*  (literatiue 
data  [10]:  m.p.  62  and  182").  Hydrolysis  of  (XXIV)  gave  the  corresponding  alcohol  (30*7o)  with  b.p.  70-72"  (18  mm), 
whose  phenylurethan  melted  at  92.5*.  Literature  data  [9]:  b.p.  70-72*  (16  mm)  and  phenylurethan,  m.p.  94*. 

Preparation  of  pinonic  acid  (XXV).  60  g  of  a-pinene  was  added  to  a  mixture  of  1  kg  of  ice,  1  liter  of  water 
and  158  g  of  permanganate.  The  mixture  was  stirred  until  the  permanganate  was  decolorized  and  the  manganese 
dioxide  was  separated  and  washed  with  water  (twice  with  120  ml  each  time).  The  filtrate  and  wash  waters  were 
extracted  with  chloroform  (five  times  with  50-ml  portions)  and  the  aqueous  layer  acidified  with  40  ml  of  con¬ 
centrated  sulfuric  acid  in  10  ml  of  water  and  extracted  with  chloroform.  The  residue,after  evaporation  of  the 
solvent,  crystallized.  We  obtained  38  g  of  a  mixture  of  racemic  and  active  forms  of  the  acid  (XXV)  with  m.p. 
80-90*.  Oxidation  of  (XXV)  with  sodium  hypobromite  solution  at  0"  yielded  70  g  of  a  mixture  of  pinonic  acids 
(XXVI)  with  m.p.  100-105*. 

Preparation  of  diamine  (XXVIII).  With  stirring  and  cooling  to  0",  118  g  of  the  acid  chloride  of  pinonic 
acid  (XXVII)  (b.p.  52-54*  at  20  mm)  in  500  ml  of  ether  was  added  to  a  solution  of  100  g  of  sodium  azide  in 
400  ml  of  water.  The  mixture  was  stirred  for  four  hours  and  the  ether  layer  separated  and  washed  with  5*7o  sodium 
bicarbonate  solution  and  dried  with  magnesium  sulfate.  The  dried  ether  solution  was  added  dropwise  to  boiling 
benzene  (200  ml),  which  produced  a  vigorous  evolution  of  nitrogen.  The  addition  of  the  solution  required  five 
hours.  The  benzene  solution  was  boiled  for  one  more  hour  and  then  the  reaction  products  were  added  dropwise 
to  500  ml  of  boiling  hydrochloric  acid  over  a  period  of  four  hours.  Boiling  was  continued  until  the  evolution  of 
carbon  dioxide  ceased.  The  aqueous  solution  was  evaporated  to  dryness  in  vacuum  and  the  free  amine  liberated 
with  excess  30*7o  sodium  hydroxide,  dried  with  solid  sodium  hydroxide  and  distilled.  We  obtained  37  g  of  diamine 
(XXVin)  with  b.p.  108-110*  (40  mm),  n^®D  1.4750,  whose  dipicrate  had  m.p.  252-253"  (decomp.). 

Found  *7o:  N  22.05,  22.16.  CTHigNj.  Calculated  *70:  N  21.85. 

Methylation  of  diamine  (XXVni).  37  g  of  the  diamine  was  added  with  stirring  and  cooling  to  75  ml  of 
85*70  formic  acid;  75  ml  of  40*7°  formalin  solution  was  added  to  the  mixture,  which  was  then  heated  at  95-97*  for 
16  hours.  With  cooling  and  stirring,  52  ml  of  concentrated  hydrochloric  acid  was  added  to  the  reaction  products. 
The  solution  of  reaction  products  was  evaporated  in  vacuum  and  the  residue  decomposed  with  excess  30*70  sodium 
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hydroxide.  The  liberated  layer  of  amine  was  separated,  dried  with  solid  sodium  hydroxide  and  distilled.  We  ob¬ 
tained  44  g  (85*^^)  of  tetramethyldiamine  (XXK)  with  b.p.  110-114*  (40  mm),  n*®D  1.4480. 

Found ‘fe  N  14.70.  14.80.  CnHj4N2.  Calculated*^  N  15.30. 

The  dipicrate  had  m.p.  208-210*  (decomp.)  (from  methanol). 

Preparation  of  dimethiodide  (XXX).  Over  a  period  of  three  hours,  132  g  of  methyl  iodide  was  added  to 
44  g  of  tetrametiiyldiamine  (XXEX)  in  40  ml  of  metlianol  with  stirring  and  cooling.  The  reaction  jxoduct  was 
left  overnight  and  then  boiled  under  reflux  for  one  hour.  The  solvent  and  excess  methyl  iodide  were  removed  in 
vacuum  and  the  residual  oil  crystallized  when  ground  with  ether.  Recrystallization  from  a  mixture  of  acetone 
and  methanol  yielded  100  g  (82*70)  of  the  dimethiodide  (XXX)  with  m.p.  228-230*  (decomp.). 

Found  “fe  N  6.60,  6.40.  CnH,oN2l2-  Calculated  *^:  N  6.05. 

Preparation  of  2,2-dimethylmethylenecyclobutene  (XXXI).  The  methiodide  (XXX)  was  converted  into  the 
quaternary  ammonium  base  by  treatment  with  moist  silver  oxide  and  the  base  was  pyrolyzed  at  140"  in  a  vacuum 
of  40  mm  [3].  In  tliis  way.  50  g  of  (XXX)  yielded  3  g  of  2,2-dimethylmethylenecyclobutene  (XXXI)  with  b.p. 
60-63*  (730  mm),  n*®D  1.4275,  229  m^i,  €  7200  (heptane).  The  diene  (XXXI)  formed  a  considerable 

amount  of  tar  during  distillation.  Ozonization  of  the  diene  yielded  formaldehyde  (isolated  as  the  dimedone  deriv¬ 
ative)  and  dimetliylmalonlc  acid. 

Pyrolysis  of  diacetate  (XXXIV).  The  glycol  (XXXni),  prepared  by  oxidation  of  1,2-dimethylcyclohexene 
[7]  in  70*^^)  yield,  had  m.p.  93-94*  (from  ether). 

Found  *70:  C  67.03,  67.26;  H  11.16,  11.30.  CgH^Oj.  Calculated C  66.67;  H  11.11. 

Acetylation  of  (XXXIII)  by  the  procedure  described  above,  gave  a  92*7?  yield  of  the  diacetate  (XXXIV)  with 
m.p.  85-86*. 

Found  *70:  C  63.24,  63.28;  H  8.67,  8.72.  C0H20O4.  Calculated  *70:  C  63.20;  H  8.78. 

60  g  of  diacetate  (XXXIV)  in  80  ml  of  acetic  acid  was  pyrolyzed  in  a  stream  of  nitrogen  at  450*  over  a 
period  of  two  hours.  Working  up  in  the  usual  way  and  distillation  yielded  10  g  of  2 -methylmethylenecyclohexene 
(XXXV)  with  b.p.  84-87*  (150  mm),  n*®D  1.4860,  235.5  e  9590  (in  heptane). 

Found ‘fe  C  89.50,  89.80;  H  9.80,  10.20.  CgHc-  CalcuUted  *70:  C  89.70;  H  10.30. 

When  oxidized  with  potassium  permanganate  in  the  cold,  diene  (XXXV)  gave  glutaric  acid  in  about  65*70 
yield.  In  contrast  to  methylenecyclohexene,  the  diene  obtained  gave  a  crystalline  adduct  with  maleic  anhydride 
when  the  components  were  heated  in  a  benzene  solution  at  100’  for  two  hours.  The  adduct  was  obtained  in  about 
60*7®  yield  and  its  m.p.  was  91-92*. 


SUMMARY 

1.  Two  metfiods  of  {weparing  methylenecyclopentene  for  the  first  time  were  developed. 

2.  A  study  was  made  of  the  condensation  of  cyclohexanone  with  ketene  and  a  new  method  of  synthesizing 
methylenecyclohexene  was  developed,  based  on  the  methylenecyclohexane  thus  obtained. 
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DIENE  SYNTHESIS  INVOLVING  TRAN  S -a  -  DIHY  DRO  MUG  ON  IC  ACID 

I.N.  Nazarov,  V.M.  Andreev  and  I.V.  Torgov 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


We  studied  the  condensation  of  a ,  0 -unsaturated  cyclic  ketones  widi  various  cyclic  dienes  in  order  to  build 
up  various  polycyclic  systems,  including  some  related  to  the  steroids  [1].  In  accordance  with  Alder's  rule,  this 
formed  compounds  containing  the  cis>indan  system. 


+ 


ch/\/ 


It  was  not  possible  to  prepare  cyclic  compounds  with  trans -coupling  of  the  rings  and  with  the  keto  group 
in  tlie  position  required  for  a  steroid  system  by  this  method. 


It  seemed  interesting  to  condense  dienes  with  a,0 -unsaturated  di carboxylic  acids  of  such  a  structure  that 
die  cyclic  dicarboxylic  acids  obtained  in  this  way  could  be  cyclized  into  the  corresponding  derivatives  of  trans 
indanone. 


R  COCH 


^  HOCOCHjCHt 


K 

a 


.COOH 

i'^GHjCnjCOOH 


This  scheme  could  replace  the  complex  and  multistage  means  of  building  up  side  chains  of  cyclic  o-di- 
carboxylic  acids  by  the  Arndt-Eistert  method,  which  has  been  used  up  to  now  in  analogous  cases  [2]. 

We  were  able  to  condense  the  dimethyl  ester  of  trans-a-dihydromuconic  acid  (butene-1 -dicarboxylic -1,4 
acid,  I)  witii  butadiene  ^nd  1 -vinyl- A*“cyclohexene.  In  the  first  case,  with  the  reaction  at  210*,  we  obtained 
the  trans-diester  (II),  whose  structure  and  configuration  was  proved  by  hydrogenation  and  hydrolysis  into  the  known 
trans-fl-(l-carboxycyclohexyl-2)-propionic  acid  (HI)  [3]. 


c 


CHjOCO.  H 


X. 


H  CHjCHjCOOCHj 
(I) 


a.COOCH, 

- 

CHiCH^COOCH, 

(n) 


/SJ 

^'^^CHiCHjCOOH 

(HI) 


An  analogous  condensation  of  di  ester  (I)  with  vinylcyclohexene  led  to  the  bicyclic  trans -di  ester  (IV).  The 
latter  was  not  hydrogenated  in  the  presence  of  palladium  on  barium  sulfate  ot  a  platinum  catalyst,  apparently 
indicating  migration  of  die  double  bond  into  the  position  between  the  rings.  Hydrolysis  of  the  diester  (IV)  yielded 
the  corresponding  dicarboxylic  acid,  whose  structure  was  taken  as  trans-0-(l-carboxy-A*^^^-octalyl-2)-propionic 
acid  (V)  in  analogy  with  other  examples  [1]. 
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We  also  synthesized  trans-pentene-2-dlcarboxyllc-2,5  acid  (VI),  which  is  a  homolog  of  dihydromuconic 
acid,  by  the  following  scheme; 

(:H3CH(C00H)2  +  CHOCHsCH^COOCH.t-^  HOCOC(CH3)  =  CHCIl2CH2COOGH3 
nOCOC(GH3)  =  CnCH2CII.,COOH 
(VI) 

Attempts  to  condense  it  with  divinyl  at  200*  gave  no  results  and  the  acid  was  recovered  unchanged. 

Thus,  the  presence  of  a  methyl  group  at  the  double  bond  in  the  position  a  to  the  carboxyl  hinders  the  reac¬ 
tion,  at  least  in  the  presence  of  a  large  fl  -substituent,  as  in  our  case.  In  connection  witii  this,  we  note  tiiat 
Buchta  recently  condensed  pentene -2 -carboxylic -2 -acid  with  l-vinyl-6-methoxy-3,4-dihydronaphthalene  and 
obtained  the  expected  adduct  in  only  an  insignificant  yield  [4].  Apparently, in  this  case,  the  simultaneous  pres¬ 
ence  of  a  large  fl -substituent  and  a  CH3  group  in  the  a -position  inthedienophile  hindered  the  reaction. 

EXPERIMENTAL 

The  methyl  ester  of  6 -formylpropionic  acid  was  prepared  by  reducing  the  acid  chloride  of  succinic  half 
ester  by  the  Rosenmund  method  and  had  b.p.  85-87*  (20  mm),  n*®D  1.4256. 

Trans -a -dihydromuconic  acid  was  prepared  by  condensation  of  the  methyl  ester  of  fl -formylpropionic 
acid  with  malonic  acid  [5]  in  the  presence  of  pyridine  with  subsequent  hydrolysis  of  the  intermediate  half  ester. 
The  yields  in  the  condensation  did  not  exceed  30^o  as  compared  with  60*70  reported  previously  [5].  When  the  re¬ 
action  was  carried  out  in  the  presence  of  a  small  amount  of  piperidine,  the  yield  could  be  raised  to  44*7o.  Treat¬ 
ment  of  the  acid  with  diazomethane  yielded  the  dimethyl  ester  of  trans -a -dihydromuconic  acid  (I)  with  b.p. 
101-104*  (2  mm),  n*°D  1.4522. 

Condensation  of  tlie  dimethyl  ester  of  trans -a -dihydromuconic  acid  (I)  with  divinyl.  A  mixture  of  5.5  g 
of  divinyl,  15  ml  of  benzene  and  3.9  g  of  ester  (I)  was  heated  in  a  steel  ampoule  at  210®  for  three  hours.  Dis¬ 
tillation  yielded  the  following  fractions:  1st  “  30-104*  (4  mm),  0.8  g;  2nd  —  90-125*  (2.5  mm),  1.4554, 

2.0  g;  3rd  “  125-130“  (2.5  mm),  n*^D  1.4672,  1.9  g;  residue  ~2  g. 

The  second  fraction  was  mainly  unreacted  ester  (I)  and  the  third  fraction,  which  appeared  as  a  mobile, 
yellow  liquid,  was  the  dimethyl  ester  of  trans-fl -(l-carboxy-A*-cyclohexenyl-2)-propionic  acid  (H). 

1.8  g  of  the  diester  (II)  in  25  ml  of  alcohol  was  hydrogenated  over  palladium  on  barium  sulfate.  After 
seven  hours,  the  tlieoretical  amount  of  hydrogen  had  been  absorbed  and  the  hydrogenation  stopped.  0.5  g  of  the 
hydrogenated  diester  (without  distillation)  was  hydrolyzed  by  being  stirred  with  3  ml  of  10*70  sodium  hydroxide 
at  100*  for  one  hour.  When  the  mixture  had  cooled,  the  neutral  products  were  extracted  with  ether  and  the 
aqueous  alkali  solution  acidified  with  20*7o  hydrochloric  acid  and  extracted  with  ether.  After  evaporation,  the 
extract  gave  300  mg  of  crystals  of  trans  -  fl -(1-carboxycyclohexyl -2) -propionic  acid  (III)  with  m.p.  143-144* 

(from  water).  According  to  the  literature  data  [3],  trans -acid  (III)  melts  at  143*  and  the  cis-acid  at  103*.  The 
yield,  calculated  on  the  ester  (I)  which  reacted,  was  about  bOPjo. 

Found  *7":  C  60.40,  60.20;  H  8.30,  8.45.  C10H16O4.  Calculated  *7o;  C  60.00;  H  8.10. 

Condensation  of  the  dimethyl  ester  of  trans -a -dihydromuconic  acid  (I)  with  1-vinyl-A^-cyclohexene.  A 
mixture  of  3.6  g  of  vinylcyclohexene  and  4  g  of  ester  (I)  was  heated  in  a  glass  ampoule  at  210*  for  three  hours. 
Distillation  yielded  the  following  fractions:  1st  —20-71*  (0.5  mm),  n^^D  1.4860,  1.6  g;  2nd  ~  71-150*  (0.5  mm), 
n^^D  1.4580,  2.3  g;  3rd  - 150-152*  (0.5  mm),  n^D  1.4926,  1.5  g;  residue  ~2  g. 
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The  first  fraction  was  mainly  unreacted  vlnylcyclohexene  and  the  second  fraction  was  largely  the  original 
ester  (I). 

The  third  fraction  was  the  dimethyl  ester  of  trans-fl -(l-carboxy-A’^*®)-octalyl-2)-propionlc  acid  (IV).  It 
was  not  hydrogenated  over  either  PtOj,  Pd/BaS04  or  Pt  on  charcoal  In  alcohol. 

1.5  g  of  diester  (IV)  was  hydrolyzed  under  the  conditions  described  for  the  hydrolysis  of  the  dl ester  (II). 
Acidification  yielded  a  brown  oil,  which  was  washed  several  times  with  water,  the  benzene  and  the  water  dis¬ 
tilled  off  and  the  residue  left  to  stand  for  a  long  time  in  a  solution  in  2  ml  of  benzene,  when  it  yielded  207  mg 
of  crystals  of  die  acid  (V)  with  m.p.  212-213*  (from  benzene).  The  yield,  calculated  on  the  ester  (I)  which  re¬ 
acted,  was  about  lOPjo. 

Found ‘fe  0  66.50,66.70;  H  8.10,  8.00.  CUH20O4.  Calculated ‘/o;  C  66.65;  H  8.00. 

The  preparation  of  trans-pentene-2-dicarboxylic-2,5  acid  (VI)  was  carried  out  similarly  to  the  preparation 
of  trans-a-dihydromuconic  acid.  To  a  solution  of  11.4  g  of  methylmalonic  acid  (15*70  excess)  in  14  ml  of  pyri¬ 
dine  was  added  8.2  g  of  the  methyl  ester  of  0 -formylpropionic  acid  and  ten  drops  of  piperidine  and  the  solution 
left  for  five  days.  The  mixture  was  then  heated  for  eight  hours  at  100*,  cooled,  16  ml  of  concentrated  hydro¬ 
chloric  acid  added  and  the  solution  extracted  several  times  with  ether.  The  ether  extract  was  stirred  with  250  ml 
of  l(fJo  sodium  bicarbonate  solution  and  the  aqueous  layer  separated  and  acidified  with  25  ml  concentrated  hy¬ 
drochloric  acid.  The  aqueous  layer  was  extracted,  the  extract  dried  with  magnesium  sulfate  and  filtered,  and 
the  solvent  evaporated  (finally  in  vacuum).  The  solid  residue  was  ground  with  petroleum  ether  and  filtered  off 
to  yield  1.4  g  (12.5*7o)  of  trans-pentene-2-dicarboxylic-2,5  acid  (VI)  with  m.p.  161-162*  (from  water). 

Found C  53.20,  53.00;  H  6.50,  6.30.  M  164  (by  titration  with  NaOH).  C7H10O4.  Calculated  *70; 

C  53.20;  H  6.40.  M  158. 

In  an  attempt  to  condense  acid  (VI)  with  divinyl  in  dioxane  at  200*  (four  hours),  it  was  recovered  unchanged. 

SUMMARY 

The  condensation  of  die  dimethyl  ester  of  trans-a-dihydromuconic  acid  with  divinyl  and  vlnylcyclohexene 
was  accomplished.  In  the  two  cases,  the  corresponding  dicarboxylic  acids  were  obtained;  the  structure  of  the 
first  of  these  was  proved  by  hydrogenation  into  die  known  trans-S -(1 -carboxy cyclohexyl -2) -propionic  acid. 

We  also  prepared  trans-pentene-2 -dicarboxylic -2,5  acid,  which  did  not  react  with  divinyl  at  200*. 
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SYNTHESIS  AND  CONVERSIONS  OF  VINYL-a-KETO  ALCOHOLS 

I.N.  Nazarev,  S.G.  Matsoyan  and  S.A.  Vartanyan 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


We  previously  developed  a  method  of  preparing  various  unsaturated  a  “keto  alcohols  with  a  substituted  vinyl 
group  by  the  hydration  of  acetates  of  vinylethynylcarbinols  and  the  dlacetates  of  acetylene  y -glycols  with  sub¬ 
sequent  hydrolysis  of  the  unsaturated  a-acetoxy  ketones  [1]. 

Unsaturated  a -keto  alcohols  are  of  great  synthetic  interest  due  to  the  presence  of  functional  groups  and  a 
double  bond,  possessing  a  high  activity. 

To  make  a  more  detailed  study  of  the  properties  and  conversions  of  unsaturated  a -keto  alcohols,  in  the 
present  work  we  set  out  to  synthesize  vinyl-a-keto  alcohols.  We  were  able  to  synthesize  unsaturated  a -keto  al¬ 
cohols  with  an  unsubstituted  vinyl  group,  starting  from  tertiary  acetylcarbinok,  by  the  following  series  of  con¬ 
versions. 

Rv  /CH3  cieavaae 

^C-COCII.  methylation  Xc-COCHaCHjNC  cleavage  \C-COCn=CH, 

I  R'/  I  ^Cfla  R'/  I 


OH 


OH 

(I)  R  =  R'  =  CH„ 

(II)  R  =  CH„  R’  =  C,H,. 

(III)  R.  R'  =  (CH,)., 


OH 

(IV)  R  =  R'  =  CH„ 

(V)  R  =  CH„  R'  =  C,H„ 

(VI)  R.  R'  =  (CH,),. 


It  was  found  that  the  Mannich  reaction  proceeded  normally  with  tertiary  acetylcarbinols  and  led  to  the 
formation  of  fl" -amino -a -keto  alcohols  in  yields  of  about  70^o,  Thus,  heating  dimethyl-  and  methylethylacetyl- 
carbinols  and  also  1-acetylcyclohexanol  with  paraformaldehyde  and  dimethylamine  hydrochloride  in  alcohol 
solution  formed  the  corresponding  6’-dimethylamine-a-keto  alcohols  (1).  (H)  and  (III).  The  latter  were  readily 
acylated  with  acid  chlorides  to  form  esters,  which  could  be  of  interest  for  pharmacological  investigations  and  for 
the  synthesis  of  physiologically  active  substances. 

The  Mannich  bases  obtained  in  this  way  were  cleaved  in  the  form  of  their  quaternary  ammonium  salts. 
When  the  ethiodides  or  the  hydrochlorides  of  the  aminoketo  alcohols  (I),  (II)  and  (III)  were  heated  (140-200*)  in 
vacuum,  they  formed  the  corresponding  vinyl-a-keto  alcohols  (IV),  (V)  and  (VI).  The  vinyl-a-keto  alcohols 
we  synthesized  were  colorless  or  slightly  yellowish  liquids  with  a  sharp,  lacrimatory  smell.  In  contrast  to  a- 
keto  alcohols,  with  a  substituted  vinyl  group,  they  polymerized  on  standing  for  several  days  at  room  temperature 
to  give  a  gel  and  then  changed  into  a  glasslike  mass. 

When  hydrogenated  in  the  presence  of  a  Pt -catalyst,  the  vinylketo  alcohols  smoodily  absorbed  1  mole  of 
hydrogen  and  formed  the  corresponding  saturated  a -keto  alcohols  (VII),  (VIII)  and  (K).  Like  other  unsaturated 
a -keto  alcohols,  the  vinyl-a-keto  alcohols  readily  added  water,  alcohols  and  amines  to  form  fl -functionally 
substituted  a -hydroxy  ketones.  Thus,  for  example,  hydration  of  vinyl-a-keto  alcohol  (IV)  with  dilute  sulfuric 
acid  formed  ketodiol  (X)  and  the  addition  of  methanol  and  diethylamine  to  a -keto  alcohols  (V)  and  (VI) 
yielded  the  fl ' -m ethoxy -a -ketol  (XI)  and  fl’-diethylamino-a-ketol  (XII),  respectively. 
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CH,  CH3. 

)c-coc2n6  >c— COG2H5 

CH3/  I  CiH/  I 

OH  OH 

(VII)  (VIII) 


< _ )pCOC2H5 

OH 

(IX) 


CH 

CHj 


CH 


’  V:— COCHjCH,  ■  >C— COCHoCHo 

-/|  I  Qh/i  I 

OH  OH  OH  OCH3 


/  \ 


\_/| 


r-COCHaCHa 


(X) 


(XI) 


OH  N(G2H6)2 
(XII) 


The  acetylation  of  vlnyl-a-keto  alcohol  (IV)  with  acetic  anhydride  in  the  presence  of  traces  of  sulfuric 
acid  gave  tlie  vinyl-a-acetoxy  ketone  (Xni). 


GH3. 

>C-COCH=CH,  (XIII) 

CH3/  I 

OCOCH3 

EXPERIMENTAL 

The  tertiary  acetylcarbinols  were  prepared  by  hydration  of  the  corresponding  ethynylcarbinols  under  the 
conditions  of  die  Kucherov  reaction  [2]. 

Aminomethylation  of  dimethylacetylcarbinol.  A  mixture  of  20.4  g  of  dimediylacetylcarbinol  (b.p.  101- 
103*.  1.4205),  16.3  g  of  dimethylamine  hydrochloride,  10  g  of  paraformaldehyde  and  50  ml  of  alcohol  was 

boiled  under  reflux  for  eight  hours.  The  alcohol  was  distilled  from  the  homogeneous  reaction  solution  under 
vacuum  and  the  partly  crystalline  residue  was  treated  with  a  saturated  aqueous  solution  of  potassium  carbonate; 
the  free  base  liberated  was  extracted  with  ether,  dried  with  magnesium  sulfate  and  vacuum  distilled.  We  ob¬ 
tained  23.1  g  (72.5*^)  of  dimethyl-6 -dimethylaminofxropionylcarbinol  (I). 

B.p.  68-70*  (2  mm).  84-85*  (8.5  mm).  n*®D  1.4465.  d^®^  0.9532,  MR  44.58;  calculated  44.62. 

Found ‘yo:  N  8.61,  8.40.  C*H„C^N.  Calculated ‘y);  N  8.79. 

The  hydrochloride  of  the  aminoketo  alcohol  (I)  melted  at  131.5-133"  (from  alcohol). 

Found  N  7.30,  6.89.  CjHjjOjNCl.  Calculated  *70:  N  7.15. 

When  1.5  g  of  the  aminoketo  alcohol  (I)  hydrochloride  was  heated  on  a  water  bath  with  6  g  of  acetyl  chlo¬ 
ride  until  the  evolution  of  hydrogen  chloride  ceased  and  the  reaction  mixture  was  subsequently  treated  with  a 
mixture  of  etiier  and  alcohol,  we  obtained  1.1  g  of  the  hydrochloride  of  the  acetate  of  dimethyl-6 -dimethyl- 
aminopropionylcarbinol  with  m.p.  148-149.5*. 

Found  N  5.88,  6.08.  CjoHaoCiNCl.  Calculated  ‘70:  N  5.89. 

Aminomethylation  of  mediyleihylace^lcarbinol.  A  mixmre  of  30  g  of  methylethylacetylcarbinol  (b.p. 
149-150*,  if^D  1.4200),  22  g  of  dimetiiylamine  hydrochloride,  13  g  of  paraformaldehyde  and  65  ml  of  alcohol 
was  boiled  for  ten  hours  under  reflux.  The  reaction  mixture  was  treated  as  described  above.  We  obtained  29  g 
(65*70)  of  methylethyl-6 -dimethylaminopropionylcarbinol  (II). 

B.p.  76-77*  (3  mm).  n*®D  1.4490,  0.9521,  MR  48.80;  calculated  49.20. 

Found  *70:  N  8.17,  7.97.  CsHbO^N.  Calculated  *70:  N  8.08. 

The  picrate  of  the  aminoketo  alcohol  (II)  melted  at  137.5-139.5*  (from  alcohol). 

Found  <70:  N  13.89,  14.07.  CBH22O9N4.  Calculated  <70:  N  13.92. 

Aminomethylation  of  1  -acerylcyclohexanol.  A  mixture  of  35  g  of  1-acetylcyclohexanol  (b.p.  86-88*  at 
9  mm,  n*®D  1.4690),  22  g  of  dimethylamine  hydrochloride,  15  g  of  paraformaldehyde  and  70  ml  of  alcohol  was 
boiled  under  reflux  for  ten  hours.  After  removal  of  the  alcohol  in  vacuum,  the  residue  was  carefully  treated  with 
dry  acetone  and  the  crystals  of  hydrochloride  (29.5  g)  which  separated  were  filtered  off.  The  acetone  was  dis¬ 
tilled  from  the  mother  solution,  the  residue  treated  with  aqueous  potassium  carbonate  solution,  and  extracted 


766 


with  ether  and  a  stream  of  dry  hydrogen  chloride  passed  into  the  etlier  extract  after  it  had  been  dried  with  mag¬ 
nesium  sulfate.  We  obtained,  in  all,  40.5  g  (Kfjo)  of  the  hydrochloride  of  l-(6-dimethylaminopropionyl)-cyclo- 
hexanol  (III)  with  m.p.  134.5-136.5*  (from  a  mixture  of  alcohol  and  acetone). 

Found‘d  N  6.10,  5.95.  CnH2202NCl.  Calculated  *70:  N  5.94. 

The  free  base  of  the  amlnoketo  alcohol  (III),  liberated  by  treatment  of  the  hydrochloride  (m.p.  134.5-136.5") 
with  aqueous  potassium  carbonate  solution,  melted  at  63-65*  (from  petroleum  ether). 

Found ‘fe  N  6.86,  6.79.  CijHjAN.  Calculated  “yo:  N  7.03. 

Cleavage  of  dimetliyl-fl -dimethylaminot»opionylcarbinol  (I).  Into  a  Claisen  flask  was  placed  11.7  g  of 
the  aminoketo  alcohol  (I)  and  0.005  g  of  pyrogallol  and  22  g  of  ethyl  iodide  added  portionwise.  When  the  evolu¬ 
tion  of  heat  had  ceased,  the  reaction  mixture  was  gradually  heated  on  an  oil  bath  in  a  vacuum  of  10-12  mm. 
Distillation  of  die  cleavage  product  began  at  a  bath  temperature  of  135*.  After  the  reaction,  the  temperature 
was  raised  to  200*.  As  a  result  of  a  second  distillation  (in  the  presence  of  pyrogallol)  we  obtained  5.9  g  (70^0)  of 
dimethylacrylylcarbinol  (IV)  in  the  form  of  a  rapidly  polymerizing  liquid  with  a  sharp,  lacrimatory  smell. 

B.p.  48-50*  (11  mm).  n*®D  1.4430,  d^®^  0.9685,  MR  31.24;  calculated  30.96. 

Found ‘7o:  C  63.10,  63.03;  H  9.01,  8.86.  CgHioGj.  Calculated  C  63.15;  H  8.83. 

The  hydrochloride  of  the  aminoketo  alcohol  (I)  was  cleaved  similarly. 

Acetylation  of  dimethylacrylylcarbinol  (IV).  The  action  of  5  g  of  acetic  anhydride  containing  a  drop  of 


acid  and  0.005  g  of  pyrogallol  was  stirred  vigorously  at  50-70®  for  ten  hours.  The  hydration  product  was  saturated 
with  potassium  carbonate,  carefully  extracted  with  ether,  dried  with  magnesium  sulfate  and  vacuum  distilled. 

We  obtained  1  g  of  the  starting  a-keto  alcohol  (IV)  with  b.p.  50-51*  (11  mm),  n*®D  1.4410  and  4.1  g  of  dimethyl- 
fl -hydroxypropionylcarbinol  (X)  as  a  thick,  colorless  liquid. 

B.p.  100-102*  (3  mm),  n^®D  1.4545,  d^®4  1.0957,  MR  32.67;  calculated  32.97. 

Found ‘/o;  C  54.13,  54.01;  H  9.44,  9.36.  CeH^Oa.  Calculated ‘T'o;  C  54.55;  H  9.09. 

The  semicarbazone  of  ketodiol  (X)  melted  at  154-156*  (from  alcohol). 

Found  *70:  N  22.40,  22.56.  C^HeOjNj.  Calculated ‘7°:  N  22.22. 

Cleavage  of  methylethyl-6 -dimethylaminopropionylcarbinol  (II).  Into  a  Claisen  flask  was  placed  10  g  of 
aminoketo  alcohol  (II)  and  0.005  g  of  pyrogallol  and  20  g  of  ethyl  iodide  was  gradually  added;  the  reaction  mix¬ 
ture  gave  off  heat  and  separated  into  layers.  The  excess  ethyl  iodide  was  distilled  off  on  a  water  bath.  The 
ethiodide  obtained  was  cleaved  at  130-180*  in  a  vacuum  of  10-15  mm.  Redistillation  (in  the  presence  of  pyro¬ 
gallol)  of  the  distillate  yielded  6.8  g  (92*70)  of  methylethylacrylylcarbinol  (V). 


0.5  g  of  vinylketo  alcohol  (VI).  On  the  following  day  die  excess  diethylamine  was  removed  in  vacuum.  The 
residue  was  diluted  with'dry  ether  and  hydrogen  chloride  passed  through  the  ether  solution.  We  obtained  0.4  g 
of  the  hydrochloride  of  l-(fl-diethylaminopropionyl)-cyclohexanol  (XII)  with  m.p.  114.5-116*  (from  acetone). 

Found  *70:  N  5.22,  5.39.  CjjHgeOjNCl.  Calculated  N  5.31. 

SUMMARY 

1.  It  was  found  that  the  Mannich  reaction  proceeded  normally  with  tertiary  acetylcarbinols  and  gave  good 
yields  of  the  corresponding  fl’-amino-a-keto  alcohols. 

2.  It  was  shown  that  heating  the  quaternary  ammonium  salts  of  the  /3'-amino-a-keto  alcohols  obtained 
produced  cleavage  with  the  formation  of  high  yields  of  the  corresponding  vinyl-a-keto  alcohols. 

3.  A  study  was  made  of  some  of  the  conversions  of  the  vinyl-a-keto  alcohols  obtained. 
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ISOMKRIZ  ATION  OF  DIM  E  TH  Y  L  VI N  Y  LC  A  RBI  N  OL  IN  ACID  MEDIA 

I.N.  Nazarov  and  S.S.  Yufit 

Institute  of  Organic  Chemistry.  Academy  of  Sciences,  USSR 


A  method  developed  in  our  laboratory  makes  it  possible  to  prepare  in  high  yield  the  most  varied  tertiary 
acetylene  alcohols  [1],  which  are  readily  hydrogenated  selectively  to  the  corresponding  vinyl  alcohols.  We 
studied  the  isomerization  of  one  of  the  simplest  tertiary  vinyl  alcohols,  dimethylvinylcarblnol,  in  acid  media. 

It  was  previously  found  [2]  that  the  isomerization  of  dimethylvinylcarblnol  into  prenol  (2-methylbuten-2- 
ol-4)  was  a  reversible  process;  consequently,  if  the  primary  alcohol  formed  was  removed  from  the  sphere  of  the 
reaction  then  the  equilibrium  was  displaced  toward  the  formation  of  prenol.  However,  the  use  of  phthalic  anhy¬ 
dride  and  calcium  chloride  for  this  purpose  gave  no  result.  Similar  data  were  obtained  by  Krzyzanowski  [3]  in 
the  isomerization  of  linalool  into  geraniol.  In  the  work  of  Young  and  Webb  [4]  it  was  found  that  the  acetates  of 
the  primary  alcohols  (prenol  and  geraniol)  were  stable  and  isomerized  into  the  corresponding  acetates  of  the  ter¬ 
tiary  alcohols  (dimethylvinylcarblnol  and  linalool)  only  under  drastic  conditions.  Consequently,  one  would  ex¬ 
pect  that  binding  the  prenol  in  the  form  of  the  acetate  under  acid  conditions  would  lead  to  almost  complete  con¬ 
version  of  the  tertiary  alcohol  into  the  acetate  of  the  primary  alcohol.  With  this  aim,  we  isomerized  dlmethyl- 
vinylcarbinol  in  acetic  acid  and  studied  the  effect  of  various  factors  on  the  yield  of  the  primary  product. 

Tlie  isomerization  proceeded  under  the  action  of  mineral  acids  (H2SO4,  HjBOj,  etc.).  It  was  found  that  in¬ 
creasing  the  sulfuric  acid  concentration  led  to  a  sharp  fall  in  the  yield  of  prenyl  acetate  and  an  increase  in  the 
amount  of  high -boiling  products.  At  an  acid  concentration  of  0.3‘yo,  8^0  of  condensation  products  were  obtained, 
at  a  concentration  of  O.&’lo,  19*70  were  obtained  and  at  1.2'7>  acid,  the  yield  of  prenyl  acetate  had  decreased  by  a 
factor  of  2  and  the  high -boiling  product  yield  was  27‘7>;  at  2.4*7©  H2SO4,  the  yield  hardly  reached  one-fifth  of  the 
yield  from  a  control  experiment,  and  the  residue  represented  41*7o;  if  48*^  H2SO4  was  used,  then  only  condensation 
products  (49*7’)  were  formed.  This  agrees  with  the  observations  of  Favorskii,  Lebedeva  and  Shchukovskaya  [5]. 
p-Toluenesulfonic  and  a -naphtha lenesulfonic  acids  acted  in  the  same  way  as  sulfuric.  Under  standard  conditions, 
phosphoric  acid  did  not  produce  isomerization,  although  dimethylvlnylcarbinol  was  partially  acetylated.  An 
analogous  result  was  obtained  by  Lennartz  [6].  In  isomerization  in  acetic  anhydride,  sulfuric  and  phosphoric 
acids  were  found  to  have  similar  isomerizing  actions  [7].  Hydrochloric  acid  led  to  considerably  lower  yields  of 
prenyl  acetate.  If  the  acetic  acid  was  saturated  with  dry  HCl,  then  only  a  mixture  of  chlorides  was  obtained  and 
prenyl  acetate  was  not  formed  at  all.  At  room  temperature,  boric  acid  had  a  certain  isomerizing  action  only  in 
an  amount  20  times  greater  than  the  amount  of  sulfuric  acid.  Perchloric  acid  produced  extensive  condensation. 

Under  the  conditions  of  our  experiments  on  isomerization,  the  prenyl  acetate  changed.  Thus  if,  instead  of 
dimethylvinylcarblnol,  phenyl  acetate  was  used  for  the  reaction,  after  48  hours  the  mixture  had  formed  a  notice¬ 
able  amount  of  tar  and  after  95  hours  it  was  completely  impossible  to  recover  the  prenyl  acetate  taken.  In  the 
experiments  of  Young  and  Webb  [4],  geranyl  acetate  was  almost  50*7*  condensed  after  225  hours  at  room  temper¬ 
ature  in  the  presence  of  phosphoric  acid. 

Very  small  additions  of  salts  affected  the  prenyl  acetate  yield.  The  most  active  of  the  salts  we  investi¬ 
gated  was  baked  copper  sulfate  and  anhydrous  zinc  chloride  (the  latter  was  apparently  slightly  more  active). 

Other  salts  [CUCI2,  Cu(CH3COO)2,  Zn(CH3COO)2,  HgS04,  SnCl2]  did  not  noticeably  change  the  yield  of  prenyl 
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acetate  in  comparison  with  experiments  without  the  addition  of  salts.  An  exception  is  AICI3,  which  led  to  a  sharp 
fall  in  yield  (most  probably  due  to  water-soluble  condensation  products  such  as  terpin  hydrate,  etc.,  since  volatile 
substances  such  as  isoprene  were  not  detected).  Increasing  the  amount  of  fused  copper  sulfate  by  a  factor  of  20 
sharply  reduced  the  yield  of  the  primary  acetate  and  the  amount  of  condensation  products  increased  considerably. 

The  addition  of  water  to  the  reaction  mixture  lowered  the  prenyl  acetate  yield.  When  the  reaction  mixture 
was  heated  to  100*  in  the  presence  of  a  small  amount  of  water  for  1.5  hours,  prenyl  acetate  was  not  formed  at  all 
(43*^0  of  condensation  products  were  isolated).  Heating  at  70*  for  three  hours  yielded  lO^o  of  prenyl  acetate  and 
34®/o  of  residue.  Attempts  to  bind  the  water,  formed  during  the  reaction,  by  adding  excess  drying  agent  or  acetic 
anhydride  to  the  reaction  mixture  led  to  a  noticeable  fall  in  the  yield  of  the  acetate  of  the  primary  alcohol.  Per¬ 
forming  the  reaction  In  acetic  anhydride  gave  better  yields  than  in  a  mixture  of  acetic  acid  and  anhydride. 

When  dimethylvinylcarbinol  was  heated  with  water  in  a  metal  ampoule  at  170-200"  for  2.5  hours,  we  ob¬ 
tained  a  20*70  yield  of  prenol.  Similar  results  were  obtained  previously  [8]  on  the  isomerization  of  linalool  into 
geraniol.  Bolling  a  mixture  of  dimethylvinylcarbinol  with  water  in  the  presence  of  boric  acid  gave  only  6-10®7o 
of  prenol  after  13  hours.  Under  the  same  conditions,  if  water  was  replaced  by  glycerol  (100*,  12  hours)  or  dioxane 
(100*.  20  hours)  prenol  was  not  formed  at  all.  The  same  results  as  obtained  if  chloroform,  ethyl  acetate  or  nitro¬ 
benzene  were  used.  When  dimethylvinylcarbinol  was  heated  with  boric  acid  in  isooctane  (88*,  5  hours),  the  yield 
of  prenol  did  not  exceed  5*70.  Removal  of  the  water,  obtained  if  the  boric  esters  of  the  primary  alcohol  were 
formed,  by  azeotropic  distillation  also  gave  unsatisfactory  results. 

The  isomerization  rate  depended  strongly  on  temperature.  Even  at  35-38*  the  usual  yield  of  prenyl  acetate 
(~ 50*70)  was  attained  after  4-5  hours,  while  about  a  day  was  required  at  room  temperature  (16-18*)  and  at  0*  no 
prenyl  acetate  was  formed  after  ten  hours.  However,  at  higher  temperatures,  rapid  condensation  of  the  substance 
began;  even  after  two  hours  at  100*  the  yield  of  prenyl  acetate  was  zero.  This  was  undoubtedly  connected  with 
the  effect  of  sulfuric  acid  since, when  it  was  replaced  by  boric  acid,  the  reaction  mixture  could  be  heated  at  100* 
for  more  than  ten  hours  without  strong  tar  formation  (heating  linalool  with  H3BO3  under  the  same  conditions  pro¬ 
duced  rapid  condensation). 

The  isomerization  process  proceeded  quite  rapidly.  If  the  yield  of  a  control  experiment  (95  hours)  was 
taken  as  100*7o,  then  after  only  three  hours  at  room  temperature  the  reaction  was  20-25*70  complete,  after  six  hours, 
40-50*7o,  and  after  24  hours,  the  yield  reached  100*7o.  From  this  it  follows  that  the  prolonged  (several  days)  treat¬ 
ment  accepted  in  works  on  the  study  of  alcohol  isomerization  Is  unnecessary.  When  the  reaction  mixture  was 
heated  to  100*  in  the  presence  of  boric  acid,  the  greatest  yield  (50*7>)  was  obtained  after  four  hours  and  then  it 
fell.  The  amount  of  condensation  products  thus  increased  from  10  to  17*7o  only,  when  the  time  was  extended  from 
two  to  twelve  hours. 

Test  experiments  showed  that  under  the  chosen  standard  conditions,  replacing  the  acetic  acid  by  other  or¬ 
ganic  acids  did  not  increase  the  yield  of  the  corresponding  ester  of  the  primary  alcohol. 

Formic  acid  produced  strong  condensation  of  the  reaction  components,  even  in  the  absence  of  sulfuric  acid. 
The  same  results  were  obtained  with  propionic  acid  as  with  acetic  acid.  The  use  of  butyric  and  isobutyric  acids 
led  to  the  formation  of  a  mixture  of  esters  of  the  primary  and  tertiary  alcohols  in  a  lower  total  yield  than  with 
acetic  acid.  In  this  case,  increasing  the  sulfuric  acid  concentration  apparently  increased  the  total  yield.  When 
oleic  acid  was  used,  a  thick,  sticky  mass  was  formed, 

EXPERIMENTAL 

For  the  experiments,  we  used  the  procedure  proposed  by  Lennartz  [6]  and  employed  successfully  by  Oroshnik 
and  Mallory  [9]  for  the  isomerization  of  l-chloro-2-methyl-2-acetoxybutene-3  into  the  corresponding  primary 
acetate. 

75  ml  of  chemically  pure,  twice-frozen,  glacial  acetic  acid  was  mixed  with  0.5  g  of  concentrated  sulfuric 
acid*  (or  another  acid  agent);  the  required  additives  were  introduced  into  the  mixture  followed  by  16  g  of  di¬ 
methylvinylcarbinol,  dried  and  distilled  on  a  column  (b.p.  98-99*,  n^®D  1.4182).  The  mixture  was  shaken  on  a 


•The  addition  of  concentrated  sulfuric  acid  to  a  mixture  of  acetic  acid  and  the  tertiary  alcohol  noticeably  re 
duced  the  yield  of  the  primary  product. 
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rocker  in  a  sealed  vessel  at  room  temperature  (usually  95  hours)  or  heated  under  reflux  and,  if  necessary,  stirred. 
After  the  experiment,  the  mixture  was  diluted  with  water  and  neutralized  with  sodium  carbonate.  The  upper 
layer  was  separated.  The  aqueous  layer  was  extracted  several  times  with  ether.  The  ether  extract  was  combined 
with  the  organic  layer,  washed  witfi  water  and  dried  with  magnesium  or  sodium  sulfate. 

Preparation  of  prenyl  acetate,  a)  To  a  mixture  of  75  ml  of  acetic  acid,  0.5  g  of  cone.  H2SO4  and  0.5  g  of 
CUSO4  (baked)  was  added  16  g  of  dimethylvinylcarbinol  and  the  mixture  left  for  50  hours  at  room  temperature 
(16*).  Working-up  (see  above)  and  distillation  yielded  11.8  g  (50*^)  of  prenyl  acetate  with  b.p.  42-44*  (9  mm), 
n**D  1.4294.  The  residue  from  the  distillation  was  4  g  and  there  were  no  other  fractions. 

b)  A  mixture  of  16  g  of  dimethylvinylcarbinol,  75  ml  of  acetic  acid  and  15  g  of  H3BO3  was  stirred  at  100* 
for  four  hours.  The  reaction  mixture  was  treated  as  indicated  above.  Two  distillations  yielded  11.9  g  (50^)  of 
prenyl  acetate  with  b.p.  44-46*  (13  mm),  n^D  1.4310.  The  residue  from  the  distillations  weighed  2.1  g. 

Preparation  of  prenyl  isobutyrate  and  butyrate,  a)  A  mixture  of  16  g  of  dimethylvinylcarbinol,  0.5  g  of 
CUSO4,  110  g  of  isobutyric  acid  and  1  g  of  cone.  H3SO4  was  shaken  at  room  temperature  for  95  hours.  Working- 
up  and  two  distillations  on  a  column  yielded  6.7  g  (23*^)  of  prenyl  isobutyrate  with  b.p.  79.2-79.6*  (13  mm), 
n“D  1.4342. 

Found  *70:  C  68.67,  68.77;  H  10.22,  10.31.  CgHigOj.  Calculated‘S:  C  69.19;  H  10.26. 

Like  prenyl  butyrate,  prenyl  isobutyrate  was  very  difficult  to  purify  from  traces  of  the  corresponding  acid, 
which  is  probably  due  to  their  very  ready  hydrolysis. 

Exhaustive  hydrogenation  yielded  isoamyllsobutyrate  with  b.p.  168-173*,  n*®D  1.4092. 

b)  A  similar  procedure  yielded  10.7  g  of  prenyl  butyrate  (37*^)  with  b.p.  54-59*  (11  mm),  n**D  1.4324. 

The  residue  was  1.1  g.  In  contrast  to  i»enyl  isobutyrate,  prenyl  butyrate  was  the  main  reaction  product;  besides 
the  fraction  indicated,  we  obtained  only  2.3  g  of  a  substance  with  b.p.  84-131*  (11  mm).  Hydrogenation  gave 
isoamyl  butyrate  with  b.p.  180-181*. 

Preparation  of  prenol.  A  mixture  of  16  g  of  dimethylvinylcarbinol  and  15  g  of  H3BO3  was  heated  at  100- 
110*  with  stirring.  The  tertiary  alcohol  gradually  distilled  off  and  fresh  carbinol  was  added  to  the  mixture  in  its 
place.  After  five  hours,  a  further  34  ml  (27  g)  of  carbinol  had  been  added.  Working-up  (see  above)  yielded  8.1  g 
of  prenol  (b.p.  49-54*  at  13  mm,  n*®D  1.4422),  5.8  g  of  higher -boiling  fractions  and  3.3  g  of  residue.  Thus,  the 
yield  of  prenol  was  47*^0,  calculated  on  the  dimethylvinylcarbinol  which  reacted  (not  allowing  for  possible  dehy¬ 
dration). 

Preparation  of  prenyl  phthalate.  A  mixture  of  1  g  of  prenol,  1.7  g  of  phthalic  anhydride  and  7  ml  of  pyri¬ 
dine  was  kept  at  room  temperature  for  48  hours.  The  product  was  washed  with  dilute  acid  and  water  and  dried 
over  Na2S04.  We  obtained  2.2  g  (81.5*70)  of  crystals  with  m.p.  62*  (from  petroleum  ether). 

Found  *70:  0  66.63,66.63;  H  5.90,  5.87.  CnHM04.  Calculated ‘7o:  C  66.65;  H  6.02. 

SUMMARY 

A  study  was  made  of  the  isomerization  of  dimethylvinylcarbinol  in  various  solvents  under  the  action  of 
mineral  acids  in  relation  to  the  acid  concentration,  temperature,  time,  and  the  addition  of  water  and  salts. 
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SYNTHESIS  OF  STEROIDAL  COMPOUNDS  AND  RELATED  SUBSTANCES 


XLVI.  A*-CYCLOHEXEN-4-OL-l-ONE  ACETATE  AND  ITS  CONDENSATION 
WITH  l-VINYL-6-METHOXY-3,4-DIHYDRONAPHTHALENE 

I.V.  Torgov  and  I.N.  Nazarov 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 

It  has  been  established  previously  by  us  [1]  that  the  condensation  of  a. -unsaturated  cyclic  ketones  with 
1,2 -substituted  butadienes  leads  to  the  formation  of  only  the  serial  isomers; 


Thus,  this  p>ath  permits  one  to  prepare  the  polycyclic  compounds  which  are  related  to  the  steroids,  but 
having  the  functional  substituents  in  position  15,  rather  than  position  17,  which  is  characteristic  for  the  natural 
steroids.  In  order  to  accomplish  the  synthesis  of  compounds  which  have  the  necessary  substituent  in  position  17, 
one  may  utilize  the  substituted  cyclic  ketones  of  types  (A)  and  (B)  for  the  dienophiles,  keeping  in  mind  the  sub¬ 
sequent  removal  of  the  keto  group  from  the  resulting  serial  isomer. 


(B) 

R  *0flc,0H,C00H,  COOR  ,  CHjOH,  etC. 


Ketones  of  type  (A)  are  of  special  interest  since  their  condensation  products  may  be  readily  isomerized  into 
trans-D-homosteroids  by  the  scheme  shown  above. 

In  the  present  pajier  we  describe  the  synthesis  of  A*-cyclohexen-4-ol-l-one  acetate  (I)  and  its  condensa¬ 
tion  with  1 -vinyl -6 -methoxy -3,4 -dihydronaphthalene  (II). 

The  preparation  of  ketone  (I)  presented  some  considerable  difficulties.  This  was  finally  accomplished, 
after  a  prolonged  search,  with  the  synthesis  being  accomplished  by  the  way  of  oxidation  of  A*-hexen-l-ol  ace¬ 
tate  with  tert -butyl  chromate  in  a  mixture  of  carbon  tetrachloride  and  acetic  acid.  The  yield  of  ketone  (I)  was 
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24'7o,  based  on  the  reacted  acetoxycyclohexene.  The  use  of  chromic  anhydride  in  acetic  acid  or  in  pyridine,  in¬ 
stead  of  tert -butyl  chromate,  or  the  use  of  manganese  dioxide  failed  to  give  the  desired  result. 
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The  structure  of  ketone  (I)  was  established  by  hydrogenation  to  the  known  p-hydroxycyclohexanone  (III), 
specially  synthesized  for  this  purpose,  and  by  mixed  melting  point  of  the  corresponding  2,4-dinltrophenylhydra- 
zone  specimens. 


Attempts  were  made  to  prepare  ketone  (I)  starting  with  ketone  (III)  by  the  usual  technique  of  bromination- 
dehydrobromination,  used  successfully  by  us  in  previous  work  [2].  The  bromination  reaction  proceeded  smoothly, 
but  much  tar  formation  occurred  when  the  resulting  bromoketone  (IV)  was  heated  with  diethylaniline  at  150*  and 
no  individual  compounds  could  be  isolated  from  the  reaction  products.  The  same  situation  was  observed  also 
during  tlie  dehydrobromination  with  quinoline.  In  another  variant,  the  bromoketone  (IV)  was  transformed  into 
tlie  ketal  (V),  which  was  treated  with  sodium  tert-butoxide.  Here,  tar  formation  was  observed  again  and  we  could 
not  isolate  the  desired  ketone. 
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Another  scheme  for  the  synthesis  of  ketone  acetate  (I)  was  examined,  in  which  the  ketal  of  A*-l-cyclo- 
hexenone  was  used  as  the  starting  material,  this  being  readily  prepared  from  o-chlorocyclohexanone  ketal  (VII). 
The  ketal  (VI)  was  transformed  into  the  corresponding  bromide  (VIII)  by  bromination  with  N-bromosuccinimide, 
and  this  by  an  exchange  reaction  witli  potassium  acetate  should  have  yielded,  through  the  intermediate  ketal  (K), 
the  desired  ketone  (I)  (after  the  cleavage  of  the  ketal  grouping).  The  bromination  of  ketal  (VI)  proceeded  satis¬ 
factorily,  but  during  the  exchange  reaction  diphenyl  ether  of  the  glycol  (X)  and  monophenyl  ether  of  the  glycol 
(XI)  were  isolated  instead  of  the  expected  ketone  (I).  Both  phenyl  ethers  of  glycol  were  also  prepared  by  a  con¬ 
vergent  synthesis;  ether  (X)  from  ethylene  bromide  and  sodium  phenoxide,  and  ether  (XI)  from  glycol  chlorohy- 
drin  and  sodium  phenoxide. 

A^-Cyclohexen-4-ol-l-one  (I)  enters  into  the  Diels-Alder  reaction  only  with  some  difficulty  and  is  similar, 
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In  this  respect,  to  A*-cyclohexen-l-one.  Ketone  (I)  does  not  react  with  1-vinyl-A^-cyclohexene  at  160-170*. 

It  does  react  at  150-160*  with  the  more  reactive  l-vinyl-6-medioxy-3,4-diliydronaphthalene  (II)  and  yields  a 
mixture  of  products  from  which  we  isolated  the  normal  condensation  product  -  3-methoxy-A*-estrachrysanen- 
17a-ol-15-one  (XII)*  In  a  yield  of  about  the  product  of  cleavage  of  acetic  acid  from  the  latter  —  3-methoxy- 
A*’”-estrachrysadien-15-one  (Xni)  and  two  dimers  of  the  original  diene  (XlV-a  and  XIV-6). 


Dimers  (XIV -a)  witli  m.p.  144-146*  and  (XlV-fl)  with  m.p.  134-135*,  differed  from  each  other, evidently, 
in  the  location  of  the  double  bond  and  also  by  exo  or  endo  configurations.  Dimer  (XIV-6)  was  also  prepared  by 
isomerization  of  y -dimer  (XlV-y)  with  m.p.  169-170*,  isolated  in  insignificant  amounts  by  storage  of  1-vinyl- 
6-methoxy-l-tetrahydrooxonaphthalene  and  also  by  its  dehydration.  Since  the  isomerization  of  dimer  (XlV-y) 
occurs  in  an  acid  medium  (acetic  acid),  the  double  bond  in  dimer  (XIV-6)  must  be  located  between  the  rings. 

EXPERIMENTAL 

Preparation  of  A*-cyclohexen-l-ol  acetate.  A* -Cyclohex en-l-ol  acetate  was  prepared  according  to  Yu.  A. 
Arbuzov’s  method  [4],  by  oxidation  of  cyclohexene  with  selenous  acid  in  acetic  acid.  The  yield,in  our  experi¬ 
ence,  failed  to  go  over  15*^,  as  against  33-36^o,dlsclosed  by  the  above  author  (in  the  paper  the  yield  Is  erroneously 
given  as  48-52%).  The  yield  rises  to  20%  if  the  reaction  mixture  is  poured  with  stirring  into  five  parts  of  cold 
water  after  the  oxidation,  then  extracted  with  ether  and  vacuum  distilled.  The  resulting  acetoxycyclohexene 
had  b.p.  63*  (10  mm),  and  n*®D  1.4585. 

Preparation  of  A*-cyclohexen-4-ol-l-one  acetate  (I).  A  solution  of  tert-butyl  chromate  was  prepared  by 
the  addition  of  chromic  anhydride  to  tert-butyl  alcohol  at  25*,  according  to  the  known  method  [5].  430  ml  of 
a  solution  of  tert-butyl  chromate  in  carbon  tetrachloride  (the  solution  corresponded  to  27.5  g  of  chromic  anhy¬ 
dride)  was  added  with  stirring  to  a  solution  of  20  g  of  A*“cyclohexen-l-ol  acetate  in  30  ml  of  carbon  tetrachlo¬ 
ride,  100  ml  of  acetic  acid  and  40  ml  of  acetic  anhydride,  and  the  mixture  was  refluxed  with  stirring  for  ten 
hours.  After  the  solvent  had  been  distilled  off  under  a  slight  vacuum  at  50*,  crystalline  oxalic  acid  was  added, 
with  stirring  and  ice  cooling,  to  the  deep-green  viscous  solution  until  the  test  for  Cr^^  became  negative  (about 
10  g  required),  the  whole  was  stirred  for  one  hour  longer,  the  volatiles  were  distilled  off  at  70-80*  under  30-40  mm 
vacuum  and  the  residue  was  extracted  repeatedly  with  chloroform.  The  chloroform  solution  was  filtered,  the 
chloroform  was  distilled  from  it  under  a  slight  vacuum  and  the  residue  was  distilled. 

1st  fraction  —  70-75*  (15  mm),  5.2  g;  2nd  —  75*  (15  mm)  and  94"  (4  mm),  0.6  g;  3rd  —  94-98*  (4  mm), 
n*®D  1.4820,  4.1  g;  residue  ~5  g. 

The  first  fraction  consisted  mainly  of  unreacted  acetoxycyclohexene.  The  third  fraction  was  A*-cyclo- 
hexen-4-ol-l-one  (I). 

Pure  ketone  (I)  is  a  yellowish  liquid. 

B.p.  71*  (2  mm),  n*®D  1.4845,  d^®^  1.1233;  MR  39.3;  calculated  37.4. 

Found  %:  0  62.30,62.10;  H  6.80,  6.85.  CgHioO,.  Calculated  %:  0  62.30;  H  6.50. 

The  semicarbazone  hadm.p.  193-196*  (from  alcohol  +  dioxane).  The  2,4-dinitrophenylhydrazone  —  orange 
crystals  (from  alcohol  +  dioxane)  with  m.p.  182-184*  (after  placement  in  a  bath  preheated  to  120*  and  with  rapid 
heating). 

^max  heptane)  254  mp  (Igc  4.16)  and  357  mp  (Ige  4.47). 

•Nomenclature  in  accordance  with  LN.  Nazarov  [3]. 
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17  g  of  unpurified  bromide  (IV),  prepared  above.  50  ml  of  benzene,  5  g  of  glycol  and  0.1  g  of  p-toluenesulfonic 
acid  was  refluxed  with  stirring  with  a  water  separator  trap  for  three  hours,  whereupon  1.2  ml  of  water  separated 
instead  of  the  theoretically  expected  1.3  ml.  The  benzene  solution  was  neutralized  by  shaking  with  sodium  car¬ 
bonate  solution,  dried  over  magnesium  sulfate  and  the  residue  distilled  twice  under  vacuum.  8.7  g  (44*^0)  of  2- 
bromo-4-acetoxy-l-cyclohexanone  ketal  (V)  was  isolated. 

B.p.  107-114“  (0.5  mm).  n*®D  1.5070. 

Found ‘7o;  Br  29.15,  29.05.  CioHj504Br.  Calculated ‘yo;  Br  28.70. 

8.5  g  of  ketal  (A)  was  mixed  with  sodium  tert-butoxide  solution  (from  4  g  of  sodium  and  60  ml  of  tert- 
butyl  alcohol),  whereupon  the  mixture  became  very  hot  and  turned  dark.  The  reaction  mixture  was  refluxed  for 
14  hours,  tlie  tert-butyl  alcohol  was  distilled  off  under  a  vacuum,  20  ml  of  acetic  acid  and  10  ml  of  acetic  an¬ 
hydride  was  added  to  the  residue  and  the  mixture  was  heated  for  two  hours  at  10Q“  (for  the  removal  of  the  ketal 
group  and  for  acetylation).  The  mixture  was  diluted  with  200  ml  of  ether  after  having  been  cooled:  the  whole 
was  filtered,  the  solvents  and  the  acid  were  distilled  off  under  vacuum  and  the  residue  was  distilled.  0.2  g  of  a 
distillate  with  b.p.  85-87“  (3  mm)  and  n^D  1.4780  was  isolated:  die  semicarbazone  could  not  be  isolated  from 
this  product. 

Bromination  of  cyclohex enone  ketal  (VI)  with  N-bromosuccinimide.  The  cyclohexenone  ketal  was  pre¬ 
pared  by  the  previously  described  method  [9]  and  had  b.p.  68-69“  (10  mm),  n^D  1.4800. 


777 


24.5  g  of  pure  N-bromosuccinimide  was  added  to  the  solution  of  18  g  of  the  ketal  (VI)  in  180  ml  of  dry 
carbon  tetrachloride  and  the  suspension  was  stirred  for  75  minutes  at  71-72*.  Almost  all  N-bromosuccinimide 
was  transformed  into  succinimide  during  this  interval.  The  temperature  should  not  be  raised  above  74*  since  an 
intense  loss  of  hydrogen  bromide  occurs  otherwise.  The  mixture  was  cooled,  the  precipitated  succinimide  (14  g) 
was  filtered  off,  20  g  of  dry  potassium  acetate  was  added  to  the  filtrate  and  the  carbon  tetrachloride  was  distilled 
off  under  a  slight  vacuum.  40  ml  of  dioxane  was  added  to  the  residue  and  heated  for  3.5  hours  at  80*.  After  hav¬ 
ing  been  cooled,  the  reaction  mixture  was  diluted  with  ether,  the  mixture  of  salts  was  separated,  and  the  precipi¬ 
tate  was  washed  with  cold  ether.  The  filtrate  was  evaporated  under  vacuum  at  40-50*;  thereupon,  crystals  [xe- 
cipitated  (2.8  g),  having  m.p.  83-85*,  which  were  separated  and  washed  with  alcohol.  The  following  fractions 
were  isolated  during  the  distillation  of  the  filtrate;  1st  -  up  to  79*  (2  mm),  n*®D  1.5162,  2.4  g;  2nd  -  79-85* 

(2  mm),  n*®D  1.5338,  4.1  g;  3rd  -  85-108*  (2  mm),  n*®D  1.5400,  0.9  g;  residue  -  3.7  g. 

An  additional  2  g  of  crystals  with  m.p.  83-85*  was  isolated  after  the  recrystallization  of  the  residue  from 
alcohol.  The  crystalline  substance  was  diphenyl  glycol  ether  (X).  Its  yield  was  30-35*^0  in  the  several  experi¬ 
ments.  It  melted  at  92-94*  after  purification  (repeated  recrystallization  from  alcohol)  and  gave  no  depression 
witli  a  sample  obtained  by  the  reaction  of  sodium  phenoxide  with  ethylene  bromide  [10]. 

The  dinitro  derivative  (evidently  di-p-nitrophenyl  glycol  ether)  with  m.p.  164-166*  (from  alcohol  +  ethyl 
acetate)  was  obtained  by  nitration  with  cooling  in  acetic  anhydride. 

Found ‘?o:  C  54.90,  55.00;  H  4.10,  4.10;  N  9.50,  9.40.  CmHbOsNj.  Calculated‘S  C  55.25;  H  3.95; 

N  9.20. 

As  to  the  liquid  fractions,  several  experiments  were  run  for  a  detailed  study  of  these.  52  g  of  a  distillate 
with  b.p.  75-100*  (2  mm)  was  obtained  from  126  g  of  cyclohexenone  ketal,  this  distillate  being  tfien  subjected 
to  a  repeated  fractionation.  As  a  result  18.5  g  of  a  substance  with  b.p.  72-73*  (1.5  mm)  and  n®D  1.5304,  was 
isolated.  The  substance  contained  about  \°lo  of  bromine  owing  to  admixture  of  bromides  which  were  not  separable 
by  a  distillation;  however,  the  product  gave  an  analysis  which  corresponded  to  monophenyl  glycol  ether  acetate. 

Found ‘7o:  0  67.80,67.80;  H  7.20,  7.00.  CjoHcO,.  Calculated'S  C  67.60;  H  6.80. 

The  remaining  fractions  contained  the  unreacted  cyclohexenone  ketal  and  higher  boiling,  bromine -con¬ 
taining  products. 

Hydrolysis  of  4.8  g  of  the  substance  by  refluxing  for  three  hours  with  a  solution  of  3  g  of  potassium  hydrox¬ 
ide  solution  in  30  ml  of  alcohol  gave,  after  the  usual  treatment,  2.6  g  of  monophenyl  glycol  ether  (XI)  with  b.p. 
90-91*  (2  mm),  n*®D  1.5332. 

According  to  the  literamre  data  [11]:  b.p.  134-135*  (18  mm),  n*®D  1.5340. 

The  benzoate,  m.p.  59*  (from  petroleum  ether),  was  obtained  by  benzoylation  of  the  ether  with  benzoyl 
chloride  in  pyridine.  3,5-Dinitrobenzoate  with  m.p.  106-108*  (from  benzene)  was  prepared  in  a  similar  manner. 

Found  ‘S  N  8.70.  CbHjjOtNj.  Calculated  ‘S  N  8.45. 

Preparation  of  monophenyl  glycol  ether  (XI).  10.9  g  of  phenol,  then  10  g  of  ethylene  chlorohydrin,  were 
added  to  a  solution  of  sodium  ethoxide  in  alcohol  (from  2.82  g  of  sodium  and  50  ml  of  anhydrous  alcohol),  and 
the  mixture  was  refluxed  for  12  hours.  The  alcohol  was  distilled  off,  the  mixture  was  diluted  with  water  and  ex¬ 
tracted  with  ether.  The  ethereal  solution  was  washed  several  times  with  water,  the  ether  was  distilled  off  and 
the  residue  was  vacuum  distilled.  5.5  g  of  monophenyl  glycol  ether  with  b.p.  118-121*  (12  mm),  n*®D  1.5360, 
was  obtained. 

Its  benzoate  had  m.p.  60*;  dinitrobenzoate  -  103-104*.  The  respective  mixed  melting  points  .with  speci¬ 
mens  described  above, showed  no  depression. 

Condensation  of  A*-cyclohexen-4-ol-l-one  acetate  with  l-vinyl-6-methoxy-3,4-dihydronaphthalene  (II). 

1 -Vinyl-6 -methoxy -3,4 -dihydronaphthalene  (II)  was  prepared  according  to  the  method  previously  described  by 
us  [12]  and  had  b.p.  110-112*  (1  mm),  n*®D  1.5935. 

A  mixmre  of  5.7  g  of  1 -vinyl-6 -methoxy -3,4 -dihydronaphthalene  and  4.9  g  of  acetate  (I)  were  heated  in 
10  ml  of  xylene  in  a  sealed  ampoule  under  nitrogen  atmosphere  for  seven  hours  at  160*.  The  cherry -colored 
solution  was  evaporated  under  vacuum,  diluted  with  3  ml  of  benzene  and  3  ml  of  petroleum  ether  and  set  aside 
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in  the  cold.  1.25  g  of  a  crystalline  mixture  precipitated,  with  1.55  g  additional  coming  from  the  mother  liquor 
after  evaporation,  for  a  total  of  2.8  g.  410  milligrams  of  3-methoxy-A®-estrachrysanen-17a-ol-15-one  acetate 
(XII)  with  m.p.  188-190*  was  isolated  by  a  successive  recrystalUzation  from  methanol  and  benzene. 

Found  <70;  C  74.00,  74.15;  H  7.15,  7.20.  021^2404.  Calculated  <70:  C  74.10;  H  7.10. 

180  milligrams  of  a -dimer  (XlV-a)  with  m.p.  144-146*  was  also  isolated. 

Found ‘7o:  0  83.45,83.50;  H  7.60,  7.40.  C26H2gO^.  Calculated  <7o:  C  83.85;  H  7.55. 

In  addition,  40  milligrams  of  fl -dimer  (XIV-/3)  with  m.p.  134-135*,  was  obtained. 

Found  <70:  0  83.70,83.90;  H  7.70,  7.70.  C26H2,02.  Calculated  <70:  C  83.85;  H  7.55. 

About  5*70  of  the  acetoxyketone  (XII)  was  isolated  in  one  experiment  and  along  with  it  an  almost  equal 
amount  of  3-methoxy-A*’*^-estrachrysadIen-15-one  (Xni)  with  m.p.  155-157*. 

Found  <7o:  0  81.10,81.10;  H  7.20,  7.40.  CjgHjoOij.  Calculated ‘7®:  C  81.40;  H  7.20. 

Isolation  of  y -dimer  (XlV-y)  and  its  isomerization  into  fl -dimer  (XlV-fl).  After  a  dehydration  of  10  g  of 
l-vInyl-6-methoxy-l-tetralol  by  heating  with  sand  [12]  and  a  subsequent  dilution  of  the  reaction  mixture  with 
ether,  crystals  (0.15  g)  precipitated,  these  melting  at  169-170“,  after  a  recrystallization  from  a  mixture  of  meth¬ 
anol  and  benzene. 

Found ‘7o:  C  83.50,  83.30;  H  7.60,  7.60.  C26H2A-  Calculated  *70:  C  83.85;  H  7.55. 

A  solution  of  130  milligrams  of  the  y -dimer  (XlV-y)  in  3  ml  of  acetic  acid  was  refluxed  for  one  hour. 
After  a  vacuum  evaporation  and  crystallization  from  a  mixture  of  methanol  and  benzene,  we  obtained  35  milli¬ 
grams  of  the  fl -dimer  with  m.p.  126-128*.  A  second  recrystallization  raised  the  m.p.  to  134-135*.  A  mixed 
melting  point  with  the  specimen  isolated  above  showed  no  depression. 

SUMMARY 

A^-Cyclohexen-4-ol-l-one  acetate  was  prepared  by  oxidation  of  A*-cyclohexen-l-ol  acetate  with  tert- 
butyl  chromate.  Its  condensation  with  l-vinyl-6-metiioxy -3, 4 -dihydronaphthalene  was  accomplished,  whereby 
the  3-methoxy-A®-estrachrysen-17a-ol-15-one  acetate,  3-methoxy-A*’^^-estrachrysadien-15-one  and  two  dimers 
of  the  original  diene  were  isolated,  from  the  reaction  products. 

It  was  possible  to  Isolate  only  the  phenyl  and  the  diphenyl  glycol  ethers  in  an  attempt  to  prepare  A*-cyclo- 
hexen-4-ol-l-one  acetate  by  bromination  of  A^-cyclohexen-l-one  ketal  with  N-bromosuccinlmide  with  a  sub¬ 
sequent  treatment  with  potassium  acetate  and  acetic  acid. 
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STUDIES  IN  THE  FIELD  OF  STEREOCHEMISTRY  OF  CYCLIC  COMPOUNDS 


XXVIIL  CONDENSATION  OF  1-ACETOXYBUTA DIENE  WITH  CITRACONIC  ANHYDRIDE 
AND  THE  STEREOSPECIFIC  TRANSFORMATIONS  OF  THE  RESULTING  ISOMERIC  ADDUCTS 

V.F.  Kucherov,  N.Ya.  Grigor’eva  and  I.N.  Nazarov 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 

Continuing  the  previously  begun  work  on  the  diene  reactions  with  participation  of  methoxydienes  [1]  and 
on  the  stereochemistry  of  3-hydroxycyclohexane-l,2-dicarboxylic  acids  [2],  we  examined  the  condensation  of 
1-acetoxybutadiene  with  citraconic  anhydride,  which  is  of  interest  in  the  study  of  problems  of  structural  direc¬ 
tivity  of  the  Diels-Alder  synthesis  and  the  stereochemistry  of  isomeric  adducts.  It  appeared  that,  in  this  conden¬ 
sation,  owing  to  die  unsymmetric  character  of  both  reacting  components,  a  mixture  of  approximately  equal 
amounts  of  both  possible  ortho  and  meta  adducts  (I)  and  (II)  is  formed  under  comparatively  mild  conditions  and 
in  good  yield,  with  die  isomeric  2-rnethyl-3-acetoxy-  and  l-methyl-3-acetoxy-A*-cyclohexene-l,2-dicarboxylic 
acids  (III)  and  (IV)  being  obtained  by  hydrolysis  of  these  products  with  water. 
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Both  isomeric  adducts  have  the  cis-cis  configuration  which  corresponds  to  die  reaction  course  in  accord 
with  the  Alder  rule  and,  therefore,  the  presence  of  the  acetoxy  group  in  the  acyclic  diene  does  not  affect  the 
spatial  directivity  of  the  Diels-Alder  synthesis  to  such  a  degree,as  was  noted  previously,in  the  case  of  1-a-acetoxy- 
vinyl-A^-cyclohexene  [3],  The  fact  of  formation  of  a  large  amount  of  the  meta  isomer  in  the  condensation  of 
1-acetoxybutadiene  with  citraconic  anhydride  indicates, simultaneously, that  the  electrostatic  effect  of  the  acetoxy 
group  is  more  pronounced  for  the  structural  directivity  of  the  Diels-Alder  reaction  than  is  the  effect  of  the  steric 
factors  which  are  determined  by  the  volume  of  the  substituents  [4]. 

Some  of  the  chemical  transformations  of  the  resulting  adducts  (I)  and  (II)  were  studied  for  the  proof  of 
structure  and  configuration  of  the  latter.  In  agreement  with  its  structure,  the  cis -ortho  adduct  (I)  turned  out  to 
be  thermally  stable  and  yielded  A^-hydroxy  acid  (V)  in  alkaline  hydrolysis,  this  acid  not  forming  a  lactone  in 
the  process  of  formation  and  yielding  the  hydroxy  diester  with  diazomethane  (VI).  The  saturated  cis -acetoxy 
anhydride  (VII),  incapable  of  cleaving  the  acetoxy  group  on  heating  and  hydrolyzable  with  water  to  the  acetoxy 
acid  (VIII),  was  obtained  quantitatively  in  the  catalytic  hydrogenation  of  the  cis -ortho  anhydride  (I).  The  2- 
methyl-3-hydroxycyclohexane-l,2-dicarboxylic  acid  (DC)  and  its  diester  (X),  which  correspond  to  these  substances. 
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were  also  formed  during  the  catalytic  hydrogenation  of  the  corresponding  unsaturated  hydroxy  acid  (V)  and  its  di* 
ester  (VI).  The  hydroxy  acid  (K)  is  sufficiently  thermally  stable,  is  incapable  of  lactonizing  in  neutral  and  alka¬ 
line  conditions  and  may  be  prepared  even  by  the  hydrolysis  of  the  saturated  acetoxy  diester  (XI)  with  20^  aqueous 
potassium  hydroxide  solution. 


However,  during  an  acidic  hydrolysis  of  the  acetoxy  acid  (VIII)  or  in  a  brief  heating  of  the  hydroxy  acid 
(DC)  with  3*^  hydrochloric  acid,  the  y-lacto  acid  (XII)  is  formed  quantitatively  and  can  be  characterized  in  the 
form  of  the  crystalline  y-lacto  ester  (XIII).  This  transformation  proves  the  cis-cis  configuration  of  the  original 
acetoxy  anhydride  (I)  since  only  in  this  case  is  it  possible  for  the  saturated  hydroxy  acid  (DC)  to  be  able  to  lac- 
tonize,  owing  to  the  cis  disposition  of  the  carboxy  group  at  Cj  and  of  the  hydroxyl  at  Cg.  It  follows  also,  from 
the  fact  diat  the  acetoxy  acids  (III)  and  (VIII)  do  not  cleave  acetic  acid  during  an  alkaline  hydrolysis  with  forma¬ 
tion  of  the  corresponding  unsaturated  compounds,  that  these  acids  contain  the  methyl  group  at  Cg  position.  This 
was  confirmed  additionally  by  the  fact  that  the  hydroxy  diester  (X),  on  being  oxidized  with  chromic  anhydride 
in  acetic  acid,  gave  the  keto  diester  (XIV)  which  is  incapable  of  enolizing,  the  latter  being  formed  in  a  good 
yield. 


An  examination  of  the  molecular  models  permits  us  to  draw  some  conclusions  about  the  conformation  of 
all  the  derivatives  of  this  series  and  to  explain  the  peculiarities  of  their  lactonization.  In  accordance  with  the 
cis  principle  of  the  Diels -Alder  synthesis,  and  with  the  rule  of  the  maximum  number  of  equatorial  substituents, 
the  unsaturated  hydroxy  acid  (V)  should  have  the  conformation  (XV)  in  which  it  would  be  sufficiently  resistant 
to  the  intramolecular  lactonization. 


The  saturated  hydroxy  acid  (K),  formed  by  catalytic  hydrogenation,  should  also  correspond  to  the  more 
stable  conformational  formula  (XVI)  by  which  it  is  possible  to  explain  its  relatively  low  tendency  to  lactonize. 
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despite  the  els  and  meta  disposition  of  the  carboxyl  and  the  hydroxyl  groups.  This  acid  is  capable  of  lactoniza- 
tion  only  under  acidic  conditions  and,  as  it  is  easy  to  see,  the  formation  of  the  lacto  acid  during  this  must  be 
realized  by  means  of  the  converslonal  form  (XVIa).  Such  an  energetically  unfavorable  transformation  of  three 
equatorial  substituents  to  axial  ones  is  apparently  compensated  by  the  gain  of  energy  in  the  lactonization  reac¬ 
tion  itself,  owing  to  which  the  formation  of  the  y -lacto  acid  occurs  (XII). 

In  contrast  to  the  cis-ortho  adduct  (I)  considered  above,  the  isomeric  cis-meta  anhydride  (II)  turned  out  to 
be  unstable  to  heat.  It  readily  loses  acetic  acid,  witli  formation  of  the  unsaturated  anhydride  (XVII)  even  at  200* 
and  hydrolysis  of  the  latter  product  yields  l-methyl-A*’^-cyclohexadiene-l,2-dicarboxylic  acid  (XVIII).  This 
acid  has  an  absorption  maximum  at  285  m^i,  which  Indicates  the  presence  of  a  conjugated  double-bond  system  in 
it,  this  system  being  capable  of  being  formed  only  with  the  meta  structure  of  the  adduct  (II).  A  partial  loss  of 
acetic  acid  also  takes  place  In  the  alkaline  hydrolysis  of  the  cis-meta  anhydride  (II)  and, in  this  case,  there  is 
formed  a  mixture  (in  proportions  of  about  5;1)  of  A* -3 -hydroxy  dicarboxylic  acid  (XK)  and  the  above-described 
cyclohexanedienoic  acid  (XVni). 


OAc 


In  contrast  to  the  above-described  ortho  isomer  (V),  the  unsaturated  hydroxy  acid  (XIX)  is  capable  of  lac¬ 
tonization  and, on  being  heated  with  12*70  sulfuric  acid,  yields  the  unsaturated  y -lacto  acid  (XX),  characterized 
in  the  form  of  the  crystalline  y -lacto  ester  (XXI),  which  proves,  simultaneously,  the  configuration  of  the  original 
meta  adduct  (II). 

Similar  rules  of  the  reactions  of  loss  of  acetic  acid  and  lactonization  occur  also  among  the  saturated  com¬ 
pounds  of  the  meta  series.  It  turned  out  that  the  saturated  acetoxy  anhydride  (XXII),  obtained  by  the  catalytic 
hydrogenation  of  the  cis-meta  adduct  (II),  readily  loses  acetic  acid  on  being  heated  (as  a  result  of  tra ns -elimina¬ 
tion  reaction)  and  is  transformed  into  the  unsaturated  anhydride  (XXIII),  which  yields  l-methyl-A*-cyclohexene- 
1,2 -dicar  boxy  lie  acid  (XXIV)  on  hydrolysis. 

a-Methyladipic  acid  (XXV)  was  obtained  by  ozonization  of  the  unsaturated  acid  (XXIV),  the  product  being 
characterized  in  the  form  of  its  diamide  with  m.p.  185-186"  which  alone  proves  the  position  of  the  double 
bond  in  acid  (XXIV), and  confirms  the  structure  of  the  original  cis-meta  adduct  (II). 

The  acid  and  the  alkaline  hydrolyses  of  acetoxy  acid  (XXVI)  and  of  its  diester  (XXVII)  were  studied  for 
the  comparison  of  the  relative  ease  of  cleavage  and  lactonization  of  derivatives  of  the  ortho  and  the  meta  series. 
It  turned  out  that  lactonization  occurs  quantitatively  and  the  corresponding  y -lacto  acid  (XXVIII),  whose  ester 
(XXIX)  is  also  obtained  by  the  catalytic  hydrogenation  of  the  unsaturated  y  -lacto  ester  (XXI),  is  formed  by  heat¬ 
ing  the  acetoxy  acid  (XXVI)  with  fPjo  hydrochloric  acid  as  it  occurs,  as  well,  in  the  isomer  of  the  extho  series 
(Vill).  However,  in  contrast  to  the  isomer  of  the  ortho  series,  the  lactonization,  in  this  case,  occurs  considerably 
more  easily  since  1 -methyl -3 -hydroxycyclohexane- 1,2 -dicarboxylic  acid  (XXX),  formed  by  hydrogenation  of 
the  corresponding  unsaturated  hydroxy  acid  (XIX),  is  completely  converted  into  the  above-described  y -lacto 
acid  (XXVIII)  at  120-150". 

A  still  greater  difference  in  the  isomer  stability  occurs  in  the  alkaline  hydrolysis.  While  the  ortho  acetoxy 
diester  (XI)  yields  only  the  hydroxy  acid  (K)  during  such  a  hydrolysis,  boiling  meta  acetoxy  diester  (XXVII)  with 
20*^0  potassium  hydroxide  solution  leads  to  a  mixture  of  unsaturated  dicarboxylic  acid  (XXIV)  and  y -lacto  acid 
(XXVIU)  in  1:2  ratio. 
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All  these  peculiarities  of  behavior  of  the  derivatives  of  the  meta  series,  displayed  in  the  ease  of  reactions 
of  loss  of  elements  of  acetic  acid  and  lactonization,  may  be  explained  by  examination  of  the  molecular  models. 
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The  unsaturated  hydroxy  acid  (XK),  in  accord  with  its  cis-cis  configuration,  should  correspond  to  the  more 
stable  conformational  formula  (XXXI),  which  does  not  have  a  meta  axial  interaction  of  the  substituents.  Having 
an  equal  number  of  axial  and  equatorial  substituents,  such  a  conformation  should  be  more  prone  (relative  to  the 
corresponding  ortho  isomer)  to  a  transformation  into  the  conversional  form  (XXXIa)  by  means  of  which  it  lac- 
tonizes  more  readily  than  does  the  isomeric  hydroxy  acid  (V).  This  also  explains  the  ease  of  lactonization  of  the 
saturated  hydroxy  acid  (XXX),  whose  configuration  should  correspond  to  the  conformational  form  (XXXII).  In 
this  case,  the  transformation  into  the  conversional  form  (XXXlIa),  capable  of  lactonization,  does  not  require  a 
large  expenditure  of  energy,  as  a  result  of  which  fact  the  lactonization  may  be  realized  even  after  an  insignificant 
heating. 

EXPERIMENTAL 

Condensation  of  1-acetoxybutadiene  with  citraconic  anhydride.  10  g  of  citraconic  anhydride,  50  ml  of 
acetone  and  0.1  g  of  Methylene  blue  were  added  to  85  ml  of  a  mixture  of  1-acetoxybutadiene  with  acetic  an¬ 
hydride  [2];  the  solution  was  heated  in  a  steel  ampoule  for  four  hours  at  100-110*.  The  solvents  and  the  volatile 
products  were  distilled  off  on  a  steam  bath  under  water-pump  vacuum  and  the  liquid  residue  was  dissolved  in 
15  ml  of  ethyl  acetate.  The  separated  crystalline  product  was  filtered  off  after  an  hour  of  standing  at  0*  temper¬ 
ature,  washed  with  a  small  amount  of  ethyl  acetate  and  yielded  3.5  g  of  cis-meta  anhydride  (II)  with  m.p.  122- 
125*,  which  had  m.p.  127-128*  after  a  recrystallization  from  ethyl  acetate. 


784 


Found  <7o;  0  59.10,59.02;  115.31,5.42.  ChHijOb.  Calculated ‘/o:  0  58.92;  115.39. 

0.3  g  of  the  cis-meta  anhydride  (II)  was  boiled  for  hydrolysis  witli  1  ml  of  water;  on  cooling,  0.25  g  of  1- 
methyl-3-acetoxy-A*-cyclohexene-l,2-dicarboxylic  acid  (IV)  was  isolated,  this  melting  at  174-175*  (decomp.) 
after  repeated  crystallization  from  water. 

Found  0  54.61,54.43;  11  5.89,5.88.  CuHnCV  Calculated ‘7o:  0  54.54;  H  5.82. 

The  mother  liquor  after  the  isolation  of  meta  anhydride (II)  was  evaporated  at  water-pump  vacuum,  all  ad¬ 
mixtures  were  distilled  up  to  125-130®  at  5  mm  from  tlie  liquid  reaction  product  and  the  residue  was  extracted 
three  times  with  boiling  ether  (50  ml  each  portion).  After  the  ether  had  been  distilled,  the  resulting  product  was 
dissolved  by  heating  with  2  ml  of  ethyl  acetate,  6  ml  of  ether  was  added  and  the  solution  was  left  overnight  at  0®. 

The  separated  crystals  were  filtered  off,  washed  with  ether  and  yielded  5.1  g  of  a  mixture  of  ortho  and  meta  an¬ 

hydrides  (I)  and  (II)  with  m.p.  82-92®.  1.7  g  more  of  the  same  mixture  with  m.p.  81-89“  was  isolated  from  the 
mother  liquor  after  a  distillation  of  the  solvents  under  vacuum,  solution  of  the  residue  in  5  ml  of  ether  and  freez¬ 
ing-out  at  0®.  For  separation  of  this  mixture,  the  latter  was  dissolved  in  4  ml  of  ethyl  acetate  and  was  allowed 
to  crystallize  slowly  at  room  temperature.  After  the  separation  of  well-formed,  platelike  crystals  had  been 
completed,  and  needlelike  crystals  began  to  appear,  the  mother  liquor  was  separated  and  the  crystalline  residue 
was  washed  with  ether.  3.1  g  of  a  substance  with  m.p.  92-95®  was  isolated,  this  being  mainly  the  ortho  anhydride 
(I).  0.5  g  of  needlelike  crystals  with  m.p.  121-125®,  which  represented  the  almost  pure  meta  isomer  (II),  was 
isolated  from  the  mother  liquor  on  continued  standing.  A  further  1.7  g  of  the  ortho  anhydride  (I)  with  m.p.  95-97® 
and  0.15  g  of  meta  anhydride  (II)  with  m.p.  121-124®  may  be  isolated  by  repeated  fractional  crystallization  of  the 
residue.  The  cis-ortlio  anhydride  (I)  is  obtained  in  the  form  of  shiny,  large  plates  with  m.p.  99-100®,  after  a  re¬ 
crystallization  from  a  mixture  of  ethyl  acetate  and  ether  (1:2). 

Found ‘7o:  0  58.76,58.71;  H  5.39,  5.30.  CnHcOg.  Calculated  <^0:  0  58.92;  H  5.39. 

Cls -ortho  anhydride  (I)  is  recovered  unchanged  after  being  heated  to  200®  for  one  hour.  After  hydrolysis 
of  this  anhydride  by  boiling  with  water,  2-methyl-3-acetoxy-A*-cyclohexene-l,2-dicarboxylic  acid  (III)  was  ob¬ 
tained,  this  acid  having  the  m.p.  166-167®  (decomp.)  after  repeated  crystallization  from  water. 

Found  <70:  0  54.38,54.45;  H  5.76,  5.88.  CUH14O6.  Calculated  *70;  0  54.54;  H  5.82. 

An  additional  0.7  g  of  the  ortho  adduct  (I)  and  0.5  g  of  the  1 -methyl-A^'^-cyclohexadiene-l,2-dicarboxyLic 
anhydride  (XVII)  (see  below)  may  be  isolated  from  tlie  viscous,  tarry  product  remaining,  after  the  isolation  of  the 
crystalline  products,  by  the  way  of  repeated  vacuum  distillations  and  fractional  crystallization.  The  total  yield 
of  the  products  of  Diels-Alder  condensation  was  about  60^o.  The  ratio  of  ortho  and  meta  adducts  was  about  1;1. 

2-Methyl-3-hydroxy-A*-cyclohexene-l,2-dicarboxylic  acid  (V)  and  its  diester  (VI).  1  g  of  cis -ortho 
acetoxy  anhydride  (I)  was  refluxed  with  25  ml  of  potassium  hydroxide  solution  for  one  hour.  The  solution 
was  acidified  and  evaporated  to  dryness  under  vacuum.  The  dry  residue  was  extracted  with  boiling  acetone,  the 
solvent  was  distilled  off  under  vacuum  and  yielded  0.65  g  of  cis -ortho  hydroxy  acid  (V)  with  m.p.  139.5-141® 
(decomp.),  which  had  m.p.  143.5-144®  (decomp.)  after  recrystallization  from  ethyl  acetate. 

Found ‘7o:  0  54.03  ,  54.25;  H  6.07,  6.01.  CallijOg.  Calculated  <70:  0  53.99;  H  6.04. 

The  corresponding  cis-ortho  dimethyl  ester  (VI)  with  m.p.  61-62®  (from  petroleum  ether)  was  obtained  by 
treatment  of  the  hydroxy  acid  (V)  with  an  ethereal  solution  of  diazomethane. 

Found '7o:  0  58.03,57.86;  H  7.06,  7.07.  CuHieOg.  Calculated ‘^o;  0  57.88;  H  7.07. 

2-Methyl-3-acetoxycyclohexane-l,2-dicarboxylic  acid  (VIII),  its  anhydride  (VII)  and  diester  (XI).  2.7  g 
of  cis-ortho  acetoxy  anhydride  (I)  was  hydrogenated  in  benzene  solution  over  a  palladium  catalyst.  One  mole 
of  hydrogen  was  absorbed.  The  solution  was  filtered,  evaporated  to  dryness  under  vacuum,  the  residue  was 
washed  with  ether  and  yielded  2.5  g  of  2-methyl-3-acetoxycyclohexane-l,2-dicarboxylic  anhydride  (VII)  with 
m.p.  93-94.5®  (from  a  mixture  of  ethyl  acetate  and  ether  in  1:1  ratio). 

Found  <70:  0  58.49,58.56;  H  6.24,  6.30.  C11H14O5.  Calculated ‘^o;  0  58.39;  H  6.23. 

Cis-ortho  acetoxy  anhydride  (VII)  was  a  thermally  stable  substance  and  was  recovered  unchanged  after 
having  been  heated  for  2.5  hours  at  225-230®.  For  hydrolysis,  the  acetoxy  anhydride  (VII)  was  refluxed  with 
water  and,  after  cooling  of  the  solution,  the  cis-ortho  acetoxy  acid  (VIII)  was  obtained,  which  had  m.p.  181  to 
181.5®  (decomp.)  after  repeated  recrystallization  from  \QPjo  aqueous  acetone. 
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Found‘d;  C  54.09,  54.18;  H  6.65,  6.47.  CiiHigOg.  Calculated  *^0:  C  54.09;  H  6.63. 

The  corresponding  diester  (XI)  with  m.p.  66-67.5*  (from  petroleum  etlier)  was  obtained  by  treatment  of 
the  acetoxy  acid  (VIII)  with  an  ethereal  solution  of  diazomethane. 

Found C  57.40,  57.33;  H  7.45,  7.48.  CuHjoOe.  Calculated*^:  C  57.34;  H  7.44. 

2-Methyl-3-hydroxycyclohexane-l,2-dicarboxylic  acid  (K)  and  its  diester  (X).  a)  0.18  g  of  cls-ortho  hy¬ 
droxy  acid  (V)  was  hydrogenated  in  methanol  solution  over  palladium  catalyst,  whereupon  one  mole  of  hydrogen 
was  absorbed.  The  solution  was  filtered,  evaporated  to  dryness  under  vacuum,  the  residue  was  washed  with  ether 
and  yielded  0.17  g  of  the  cls-ortho  hydroxy  acid  (DC),  which  after  recrystallization  from  ethyl  acetate  had  m.p. 
160-162*  (decomp.).  The  substance  was  stable  to  vacuum  drying  at  65*. 

Found C  53.54,  53.48;  H  7.10,  7.06.  C,H^C)^.  Calculated C  53.45;  H  6.98. 

b)  0.61  g  of  cls-ortho  diester  (XI)  was  refluxed  for  1.5  hours  with  5  ml  of  20^  potassium  hydroxide  solution. 
The  solution  was  acidified  and  allowed  to  stand  overnight.  The  resulting  crystals  were  filtered  off,  washed  with 
water  and,  after  drying  in  air,  gave  0.3  g  of  cis-ortho  hydroxy  acid  (DC)  with  m.p.  160-162*,  which  did  not  give 
a  mixed  melting-point  depression  with  the  above-described  specimen. 

The  corresjx)nding  cis-ortho  hydroxy  diester  (X)  with  m.p.  50.5-51.5*  (from  petroleum  ether)  was  obtained 
by  treatment  of  the  hydroxy  acid  (DC)  with  an  etfiereal  solution  of  diazomethane. 

Found 'Vo;  C  57.32,  57.35;  H  7.95,  8.12.  CuHjPg.  Calculated*^  C  57.37;  H  7.88. 

y-Lacto  acid  (XII)  and  its  ester  (XIII).  a)  0.27  g  of  hydroxy  acid  (DC)  was  refluxed  for  two  hours  with  10  ml 
of  3*1^  hydrochloric  acid.  The  solution  was  evaporated  to  dryness  in  vacuum  and  the  residue  was  washed  with 
ether.  0.25  g  of  y-lacto  acid  (XII),  which  had  m.p.  177.5-178.5*  after  recrystallization  from  water,  was  obtained. 

Found  *^:  C  58.72,  58.58;  H  6.48,  6.42.  M  182.5  (titration  with  0.01-N  NaOH).  C,Hb04.  Calculated*^: 

C  58.69;  H  6.56.  M  184.19. 

b)  1.45  g  of  acetoxy  acid  (VIII)  was  refluxed  with  30  ml  of  QPk  hydrochloric  acid.  After  treatment  similar 
to  that  described  above,  1  g  of  y-lacto  acid  (XII)  with  m.p.  174-176*  was  obtained,  the  product  not  giving  a  de¬ 
pression  in  a  mixed  melting  point  with  the  sample  described  above. 

The  corresponding  ester  (Xlll)  with  m.p.  102-104*  (from  ether)  was  obtained  by  treatment  of  the  y-lacto 
acid  (Xll)  widi  an  ethereal  solution  of  diazomethane. 

Found  *7o:  C  60.23,  60.34;  H  7.13,  7.08.  CjoHmO^.  Calculated  *7<»;  C  60.59;  H  7.12. 

Dimethyl  ester  of  2 -methyl-3 -oxo-cyclohexane-l,2-dicarboxylic  acid  (XIV).  A  solution  of  0.5  g  of  chro¬ 
mic  anhydride  in  12  ml  of  99*^0  acetic  acid  was  added  dropwise,with  stirring  at  70*,  to  a  solution  of  1.5  g  of  cis- 
ortho  hydroxy  diester  (X)  in  50  ml  of  glacial  acetic  acid.  After  the  addition  of  the  oxidizing  agent,  the  reaction 
mixture  was  heated  for  two  hours  at  70*,  after  which  10  ml  of  methanol  was  added  and  the  reaction  mixture  was 
set  aside  for  overnight.  The  solvents  were  distilled  off  under  vacuum,  the  residue  was  extracted  four  times  with 
boiling  benzene  (in  40 -ml  portions),  the  benzene  extract  was  washed  with  water  and  dried  over  magnesium  sul¬ 
fate.  After  the  benzene  had  been  distilled  off,  the  liquid  residue  was  distilled  under  vacuum.  0.92  g  (61*7o  of 

dimethyl  ester  (XIV)  with  b.p.  137-139*  (5  mm),  n®D  1.4735  (negative  test  witii  ferric  chloride  for  the  enol  form) 
was  isolated. 

Found  *70:  C  57.99,  57.92;  H  7.21,  7.19.  CuHigOg.  Calculated  *fe  C  57.88;  H  7.07. 

2,4-Dinitrophenylhydrazone,  obtained  in  the  usual  manner,  had  m.p.  160-161*  (from  ethanol). 

Found  *!^.  C  49.84,  49.87;  H  4.84,  4.93.  CnHjoOgN^  Calculated*^:  C  49.99;  H  4.93. 

Semicarbazone,  prepared  in  the  usual  fashion,  had  m.p.  168-170*  (from  methanol). 

Found  *70;  C  50.65.  50.52;  11  6.85,6.76;  N  14.60,  14.51.  C^HbOsN,.  Calculated  *7>:  C  50.52;  H  6.71; 

N  14.73. 

Thermal  transformations  of  cis-meta  anhydride  (II).  0.8  g  of  cis-meta  acetoxy  anhydride  (II)  was  heated 
for  one  hour  to  200-205"  in  a  stream  of  nitrogen.  The  resulting  product  was  vacuum  distilled,  whereupon  the 
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distillate  crystallized  immediately  in  the  receiver.  0.38  g  of  1 -methyl -A**^*cyclohexadiene-l, 2 -dicarboxy lie 
anhydride  (XVII)  with  m.p.  76-78"  was  obtained.  Anhydride  (XVII)  had  m.p.  83-85*  after  recrystallization  from 
a  mixture  of  ether  widi  petroleum  ether  (1: 1). 

Found  c  65.92,  66.05;  11  5.02,5.03.  C^HgOi.  Calculated  <70:  C  65.84;  H  4.91. 

Anhydride  (XVII)  has  the  characteristic  absorption  maximum  with  303  m/i,  Igc  3.828  (In  acetonitrile) 

in  the  ultraviolet  region  of  the  spectrum.  For  Its  hydrolysis,  0.3  g  of  anhydride  (XVD)  was  refluxed  with  water  for 
0.5  hour.  0.28  g  of  1 -methyl-A*’^-cyclohexadiene-l,2-dIcarboxylic  acid  (XVIII)  with  m.p.  208-209*  (from  20^ 
aqueous  acetone)  was  obtained. 

Found  *70:  0  59.46,59.50;  H  5.52,  5.45.  CsHwO^.  Calculated  <70:  C  59.33;  H  5.53. 

This  substance  has  a  characteristic  absorption  maximum  with  Xf^^g^  285  mp  and  lg€  3.793  (in  ethanol)  in 
the  ultraviolet  region  of  the  spectrum. 

l-Methyl-3-hydroxy-A*-cyclohexene-1.2-dicarboxylic  acid  (XDC)  and  its  lactonization.  1.8  g  of  acetoxy 
anhydride  (II)  was  refluxed  for  one  hour  with  10  g  of  20*70  aqueous  potassium  hydroxide  solution.  The  solution 
was  acidified  and  left  overnight  at  room  temperature.  The  resulting  crystals  were  filtered  off,  washed  with  water 
and  air-dried.  1.4  g  of  a  mixture  of  crystalline  products  with  m.p.  171-173*  (decomp.)  was  obtained.  0.75  g  of 
acid  (XIX)  with  m.p.  191-194*  (decomp.)  was  isolated  after  recrystallizatioh  from  8  ml  of  water.  The  melting 
point  of  the  substance  depends  greatly  on  the  rate  and  the  duration  of  heating;  however,  it  Is  unchanged  after  re¬ 
peated  recrystallizations. 

Found  *70:  C  53.96,  54.01;  H  6.14,  6.03.  CgHijOs.  Calculated  *70:  C  53.99;  H  6.04. 

The  mother  liquor^  after  the  Isolation  of  the  hydroxy  acid  (XIX),  was  evaporated  to  dryness  in  vacuum  and 
0.2  g  of  tlie  same  hydroxy  acid  was  isolated  from  it  by  recrystallization  of  the  residue  from  nitromethane.  v 

For  preparation  of  the  y-lacto  acid  (XX),  2.35  g  of  hydroxy  acid  (XDC)  was  heated  for  3.5  hours  with  55  ml 
of  12.3*71'  sulfuric  acid  at  80*.  The  crystals  which  precipitated  on  cooling  were  filtered  off,  washed  with  water, 
and  air-dried.  1.2  g  of  y-lacto  acid  (XX)  was  isolated,  this  having  the  m.p.  of  203-204*  after  recrystallization 
from  water. 

Found  *7o:  C  59.42,  59.41;  H  5.67,  5.80.  M  183.2  (titration  with  0.01 -N  NaOH).  C9H10O4.  Calculated  *7o:  ' 
C  59.33;  H  5.53.  M  182.4. 

The  corresponding  y-lacto  ester  (XXI),  witli  m.p.  91-93*  (recrystallization  from  a  mixture  of  ethyl  acetate 
and  ether  in  1:1  proportion)  was  prepared  by  treatment  of  the  y-lacto  acid  (XX)  with  an  ethereal  solution  of  di¬ 
azomethane. 

Found‘7o:  C  61.35,  61.21;  H  6.11,  6.19.  CioHoO^.  Calculated *70:  C  61.21;  H  6.16. 

The  nitromethane  mother  liquor,  after  the  isolation  of  hydroxy  acid  (XDC)  (see  above),  was  evaporated  to 
dryness  under  vacuum.  The  residue  was  heated  with  12.3*70  sulfuric  acid  and  0.18  g  of  1 -methyl -A*'^-cyclohexa- 
dienedicarboxylic  acid  (XVIII)  with  m.p.  204-205*,  which  did  not  give  a  dejxression  in  a  mixed  melting  point 

witli  tlie  specimen  described  above,  was  isolated  by  fractional  crystallization  of  the  resulting  mixture  of  crystal¬ 

line  products  from  nitromethane. 

1  -Methyl-3 -acetoxy cyclohexane- 1,2 -dicarboxylic  acid  (XXVI)  and  its  anhydride  (XXII)  and  diester  (XXVII). 
3  g  of  cis-meta  acetoxy  anhydride  (II)  was  hydrogenated  in  benzene  solution  over  a  palladium  catalyst.  One  mole 
of  hydrogen  was  absorbed.  The  solution  was  filtered,  evaporated  to  dryness  in  vacuum,  the  crystalline  residue  was 
washed  with  ether,  and  2.8  g  of  cis-meta  acetoxy  anhydride  (XXII)  was  isolated;  this  had  m.p.  96.5-98*  (from  a 
mixture  of  ethyl  acetate  and  ether  in  1:1  proportion). 

Found  *7o:  C  58.50,  58.54;  H  6.14,  6.26.  CjiHi^Og.  Calculated  *7®;  C  58.39;  H  6.23. 

For  its  hydrolysis,  the  acetoxy  anhydride  (XXII)  was  refluxed  with  water  until  it  had  dissolved  and,  on  cool¬ 
ing,  the  cis-meta  acetoxy  acid  (XXVI)  with  m.p.  190*  (decomp.)  crystallized  out  quantitatively. 

Found  *7o:  C  53.86,  53.86;  H  6.59,  6.39.  CuHieOe-  Calculated  *7o:  C  54.09;  H  6.63. 

The  corresponding  diester  (XXVII)  with  m.p.  71-73*  (from  petroleum  ether)  was  prepared  by  treatment  of 
the  acetoxy  acid  (XXVI)  with  an  ethereal  solution  of  diazomethane. 


Found‘d  C  57.40,  57.33:  H  7.45,  7.48.  CnHjoOe.  CalcuUted  <70;  C  57.34;  H  7.44. 

Thermal  transformation  of  acetoxy  anhydride  (XXII).  5.5  g  of  cis-meta  acetoxy  anhydride  (XXn)  was 
heated  at  225-230*  for  2.5  hours  in  a  stream  of  nitrogen,  whereupon  a  distillation  of  acetic  acid  was  observed. 

The  liquid  residue  was  distilled  under  vacuum  of  3.5  mm  and  two  fractions  were  collected:  1st  —  b.p.  119-125*, 

2  g:  2nd  “b.p.  125-128*,  1.8  g.  By  freezing-out  at  0*,  0.65  g  of  a  crystalline  product  was  obtained  from  the  first 
fraction  and  1.63  g  from  the  second  fraction,  this  product  having  m.p.  61-63*,  after  being  washed  with  petroleum 
ether.  Both  portions  gave  no  mixed  melting-point  depression  with  each  other.  1 -Methyl- A*-cyclohexene-l, 2- 
dlcarboxylic  anhydride  (XXIII),  with  m.p.  69-70*,  was  obtained  after  recrystallization  from  a  mixture  of  ether 
with  petroleum  ether  (1:2). 

Found  0  64.87  ,  64.94;  H  5.86,  6.08.  C^HioO,.  Calculated  0  65.04;  H  6.07. 

An  additional  0.20  g  of  anhydride  (XXIII)  and  0.55  g  of  a  liquid  product, with  b.p.  119-127*  (3.5  mm),  was 
isolated  from  the  liquid  pyrolysis  product  by  redistillation  under  vacuum  and  a  freezing-out  at  0*  the  liquid 
product,  on  hydrogenation  in  benzene  solution  over  a  palladium  catalyst,  gave  0.32  g  of  cis-l-methylcyclohex- 
ane-l,2-dicarboxylic  anhydride  with  m.p.  68-70*,  which  did  not  give  a  mixed  melting-point  depression  with  an 
authentic  specimen  [5]. 

For  the  hydrolysis,  anhydride  (XXIII)  was  refluxed  for  30  minutes  with  25‘7»  aqueous  acetone  and  1-methyl- 
A*-cyclohexene-l,2-dicarboxylic  acid  (XXIV),  with  m.p.  236*  (decomp.),  was  obtained. 

Found‘d:  0  58.90,59.02;  H  6.57,  6.60.  C,Hi204.  Calculated ‘Ifc:  0  58.68;  H  6.56. 

In  order  to  prove  the  location  of  the  double  bond,  1  g  of  acid  (XXIV)  was  ozonized  in  a  solution  of  80  ml 
of  92‘7>  acetic  acid  (one  hour;  ozone  concentration  0.4  g/hour).  10  ml  of  70*70  peracetic  acid  was  added  to  the 
solution  and  the  mixtiue  was  heated  fca:  24  hours  at  45-50*.  The  solution  was  evaporated  to  a  volume  of  10  ml, 

2  ml  of  70*70  peracetic  acid  was  added,  and  the  whole  was  heated  for  six  hours  longer  at  50*.  The  volatile  prod¬ 
ucts  were  distilled  off  under  vacuum,  the  residue  was  heated  for  one  hour  at  130-140*  and,  after  this.  It  was  dis¬ 
tilled  under  vacuum  (at  6  mm).  0.58  g  of  a-methyladipic  acid  was  isolated,  from  which  the  dlamide  with  m.p. 
185-186*  was  obtained  by  the  usual  method.  According  to  [6],  the  diamide  has  m.p.  186.5". 

j'-Lacto  acid  (XXVIII)  and  its  ester  (XXIX).  0.8  g  of  acetoxy  acid  (XXVI)  was  refluxed  for  two  hours  with 

3*^  hydrochloric  acid.  The  solution  was  evaporated  to  dryness  in  vacuum  and  the  residue  was  washed  with  ether, 

yielding  0.52  g  of  acid  (XXVni)  with  m.p.  182-183*  (from  water). 

Found  %  C  58.58,  58.52;  H  6.58,  6.54.  CgHgO^.  Calculated  %  C  58.63;  H  6.56. 

The  corresponding  y-lacto  ester  (XXIX)  with  m.p.  86-87*  (from  petroleum  etlier)  was  obtained  quantitatively 
on  treatment  of  the  y-lacto  acid  (XXVni)  with  an  ethereal  solution  of  diazomethane. 

Found  *70:  C  60.77,  60.57;  H  7.15,  7.18.  C10H14O4.  Calculated  *7o:  C  60.59;  H  7.12. 

The  same  y-lacto  ester  (XXDC)  was  obtained  quantitatively  by  hydrogenation  of  the  unsaturated  y-lacto 
ester  (XXI)  in  methanol  solution  over  a  palladium  catalyst. 

Alkaline  hydrolysis  of  acetoxy  ester  (XXVII).  3  g  of  acetoxy  diester  (XXVII)  was  refluxed  with  16  ml  of 
20*7>  aqueous  potassium  hydroxide  solution  for  two  hours,  after  which  the  solution  was  filtered,  acidified  with 
concentrated  hydrochloric  acid  and  set  aside  for  twelve  hours  at  room  temperature.  The  precipitated  crystals 
were  filtered  off,  yielding  1.42  g  of  a  mixture  of  crystalline  products  with  m.p.  170-188*.  0.7  g  of  a  substance 
with  m.p.  210-214*  was  isolated  after  recrystallization  from  50*7o  aqueous  acetone.  Repeated  recrystallization 
of  this  from  50*70  aqueous  acetone  permitted  us  to  obtain  0.4  g  of  l-methyl-A^-cyclohexene-l,2-dicarboxylic 
acid  (XXIV)  with  m.p.  231-233*,  which  failed  to  give  a  depression  in  a  mixed  melting  point  with  the  specimen 
described  above.  0.37  g  of  y-lacto  acid  (XVIII)  with  m.p.  178-180*,  which  did  not  give  a  depression  in  a  mixed 
melting  point  with  the  above-described  specimen,  was  obtained  from  the  mother  liquor  from  the  first  crystalliza¬ 
tion,  by  evaporation  and  recrystallization  of  the  residue  from  water.  An  additional  0.5  g  of  the  y-lacto  acid 
(XXVIII)  with  m.p.  180-183*  was  isolated  after  the  main  acidic  mother  liquor  had  stood  for  three  days. 

l-Methyl-3-hydroxycyclohexane-l,2-dicarboxylic  acid  (XXX)  and  its  lactonization.  0.5  g  of  the  hydroxy 
acid  (XDC)  was  hydrogenated  in  a  methanol  solution  over  a  palladium  catalyst.  One  mole  of  hydrogen  was  ab¬ 
sorbed.  The  solution  was  filtered  and  evaporated  to  dryness  in  vacuum.  0.5  g  of  l-methyl-3-hydroxycyclohex- 
ane-l,2-dIcarboxylic  acid  (XXX)  was  obtained,  which  did  not  have  a  sharp  melting  point,  owing  to  the  ease  of 
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Its  lactonization  after  even  a  slight  heating:  hence,  the  hydroxy  acid  (XXX)  could  not  be  analyzed.  Its  structure 
was  proved  by  the  fact  that,  on  being  heated  for  one  hour  at  150*,  or  after  a  two-hour  boiling  with  hydrochloric 
acid,  it  was  quantitatively  converted  into  the  above -described  y-lacto  acid  (XXVIII)  with  m.p.  180-183*. 


SUMMARY 

1.  It  was  shown  that  a  mixture  of  both  possible  structural  isomeK  (I)  and  (II)  is  formed  in  approximately  1:1 
proportion  during  the  condensation  of  1-acetoxybuta diene  with  citraconic  anhydride. 

2.  The  structure  and  the  configuration  of  the  isomeric  ortho  and  meta  adducts  was  proved  by  the  study  of 
the  reactions  of  cleavage  and  lactonization. 

3.  The  conformations  were  examined  for  all  the  above -described  derivatives  of  1-  and  2 -methyl -3 -hydroxy - 
cyclohexane-1, 2-dicarboxylic  acids  and  the  peculiarities  of  their  chemical  transformations  were  explained. 
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A  STUDY  IN  THE  FIELD  OF  STEREOCHEMISTRY  OF  CYCLIC  COMPOUNDS 

XXXL  STEREOCHEMISTRY  OF  OXIDATION  OF  ANTI-CIS-A^-OCTAHYDRONAPHTHALENE- 
1,2-DICARBOXYLIC  ACID 

V.F.  Kucherov,  G.M.  Segal'  and  I.N.  Nazarov 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


It  was  shown  by  us  in  the  previous  papers  [1, 2]  that  the  oxidation  of  isomeric  syn-  and  anti-A*-octahydro- 
naphtliaIene-1 -carboxylic  acids  with  peracetic  acid  proceeds  with  steric  specificity  from  the  side  opposite  to  the 
carboxyl  groups  and  leads  solely  to  a -oxides  (I)  and  (II).  In  contrast  to  this,  syn-cis-A‘*-octahydronaphthalene- 
1,2-dicarboxylic  anhydride  is  oxidized  witliout  steric  specificity  [3]  and  yields  a  mixture  of  isomeric  oxides  (HI) 
and  (IV),  the  configuration  of  which  could  be  proved  by  a  series  of  stereospecific  transformations. 


In  the  present  paper  we  consider  the  experimental  data  on  the  stereochemistry  of  oxidation  of  the  isomeric 
anti-cis-A*-octahydronaphthalene-l,2-dicarboxylic  acid  and  its  derivatives  with  peracetic  acid,  as  well  as  the 
data  on  the  reaction  of  cis -hydroxy lation  with  osmic  anhydride  as  applied  to  both  isomeric  syn-cis  and  anti-cis 
anhydrides.  It  turned  out  that  the  oxidation  of  anti -cis-A*-octahydronaphthalene-l,2-dicarboxy lie  anhydride  (V) 
with  peracetic  acid  proceeds  sterically  specifically,  in  contrast  to  the  reaction  of  the  isomeric  syn-cis  anhydride, 
and  leads,  in  yields  of  above  %b°Jo,  to  the  individual  a -oxide  (VI),  the  configtuation  of  which  corresponds  to  the 
disposition  of  the  oxide  ring  at  the  side  opposite  to  the  carboxyl  groups  [4].  The  a  -oxide  (VI),  on  being  boiled 
with  water,  is  readily  transformed  into  the  hydroxy -y  -lacto  acid  (VII),  which  undergoes  a  deepseated  oxidative 
cleavage  during  oxidation  with  chromic  anhydride  in  acetic  acid  and  does  not  yield  the  corresponding  keto-y- 
lacto  acid.  This  fact  indicates  that  a  tertiary  carboxyl  group  is  present  in  the  hydroxy-y -lacto  acid  (VII),  the 
origin  of  this  group  being  possible  only  as  a  result  of  a  trans-diaxial  opening  of  the  oxide  ring  at  the  site  of  the 
C— O  bond  at  C4  position,  with  the  subsequent  lactonization  at  the  axial  carboxyl  at  C2  position. 

The  oxidation  of  anti-cis-A*-octahydronaphthalene-l,2-dicarboxylic  acid  (VUI)  proceeds  similarly  and 
leads  to  a  mixture  of  tire  corresponding  a -oxide  (K)  and  hydroxy-y -lacto  acid  (VII). 

Oxides  (VI)  and  (DC)  readily  yield  the  same  trans-chlorohydrin  (X)  under  the  influence  of  hydrogen  chloride 
and  the  configuration  of  this  product  must  correspond  to  the  trans-diaxial  opening  of  the  oxide  ring.  In  order  to 
prove  the  structure  of  this  chlorohydrin,  we  studied  some  transformations  of  the  diester  (XIII)  which  corresponds 
to  it,  this  ester  having  been  also  prepared  from  the  diester  a -oxide  (XII),  isolated  on  oxidation  of  anti-cis  diester 
(XI).  It  turned  out  that  the  diester  of  trans-chlorohydrin  (XIII)  contains  a  tertiary  hydroxyl  group  at  C|o  position 
and  readily  yields  the  unsaturated  chloro  diester  (XIV)  during  a  dehydration  with  p-toluenesulfonic  acid;  hydrolysis 
of  the  latter  led  to  the  previously  described  trans-anti-cis-4-oxo  diester  (XV)  [5].  These  transformations  singularly 
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prove  the  structure  of  the  trans-chlorohydrin  (X)  and  its  diester  (Xni),  the  formation  of  which,  as  well  as  the 
formation  of  the  hydroxy -y-lacto  acid  (Vn),  occurs  as  a  result  of  rupture  of  the  oxide  bond  at  C4  position. 

This  namre  of  die  oxide  ring  opening,  with  facile  lactonization  into  the  hydroxy -y-lacto  acid  (VII),  si¬ 
multaneously  proves  its  a  -configuration  as  well  (disposition  from  the  side  opposite  to  the  carboxyl  groups).  This 
is  visually  confirmed  by  the  examination  of  molecular  models  from  which  it  is  evident  that  if  the  oxides  had  the 
opposite  fl  -configuration  (XVI),  the  opening  of  the  oxide  ring  in  them  from  the  side  of  C4,  under  the  action  of 
hydrogen  chloride,  would  have  led  to  the  trans-chlorohydrin  of  cis-decahydronaphthalene  series  (XVEI),  capable 
of  a  facile  lactonization  into  the  chloro- y-lacto  acid  (XVIII),  which  was  not  observed  in  reality. 


The  cis-hydroxylation  of  the  anti-cis  anhydride  (V)  with  osmic  anhydride  also  occurs  from  the  side  oppo¬ 
site  to  the  carboxyl  groups.  The  diester  of  cis-glycol  (XK),  isolated  from  this  reaction,  contains  an  axial  hy¬ 
droxyl  group  at  Cjo.  as  a  result  of  which  it  is  readily  dehydrated  on  being  heated  with  p-toluenesulfonic  acid 
and  yields  the  above -described  trans -anti-cis -4 -0x0  di ester  (XV).  Cis-hydroxylation  of  the  isomeric  syn-cis 
anhydride  (XX)  also  occurs  similarly.  In  this  case,  it  is  possible  to  isolate  the  corresponding  cis-glycol  of  cis- 
decahydronaphthalene  series  (XXI),  whose  diester  (XXII)  yields  trans -syn-cis -4 -0x0  diester  (XXIII),  with  a  trans  ¬ 
joining  of  the  rings  [6],  after  the  dehydration  with  a  subsequent  treatment  with  hydrochloric  acid.  The  configura - 
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was  gradually  added  at  0*  to  a  solution  of  5  g  of  anti-cis  acid  (VIII)  [8]  in  50  ml  of  dry  chloroform  and  the  mix¬ 
ture  was  left  overnight  at  room  temperature.  The  solvent  was  removed  under  vacuum  and  the  semi -solid  residue 
was  treated  with  5  ml  of  ether.  1.4  g  of  a -oxide  (K)  with  m.p.  167-168*,  unchanged  after  recrystallization  from 
acetone,  was  isolated. 
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Found  0  59.81,59.88;  H  6.88,  6.75.  CoHisOg.  Calculated ‘7o:  C  60.0;  H  6.71. 

0.55  g  of  a  crystalline  product  with  m.p.  185-192*  separated  from  the  ethereal  mother  liquor  after  standing 
for  several  days  and  recrystallization  of  this  from  a  mixture  of  acetone  and  ether  (1:1)  gave  0.4  g  of  the  above- 
described  hydroxy  -  y -lacto  acid  (VII)  with  m.p.  207-208*.  The  residue,  after  the  isolation  of  hydroxy -y-lacto 
acid  (VII),  was  treated  with  an  ethereal  solution  of  hydrogen  chloride,  as  a  result  of  which  1.5  g  of  trans-chloro- 
hydrin  (X),  with  m.p.  202-204*,  which  did  not  give  a  mixed-melting-point  dej^ession  with  the  above -described 
specimen,  was  isolated. 

Oxidation  of  the  diester  of  anti-cis-A*-octahydronaphthalene-l,2-dicarboxylic  acid  (XI).  3  ml  of  80^ 
peracetic  acid  was  added  with  cooling  to  a  solution  of  6.2  g  of  the  anti-cis  diester  (XI)  [8]  in  chloroform  and 
the  solvent  was  distilled  off  after  the  mixture  had  stood  overnight.  The  resulting  crystalline  oxidation  product 
was  washed  on  the  filter  with  a  mixture  of  ether  and  petroleum  ether  (1:2)  and  5.2  g  of  the  diester  of  a -oxide 
(XII)  with  m.p.  111-112*,  was  Isolated  after  two  recrystallizations  from  the  same  solvent  mixture. 

Found 0  62.74,62.60;  H  7.57,  7.53.  C14H20O5.  Calculated  ^o*.  C  62.67;  H  7.51. 

The  same  diester  of  a -oxide  (XII)  was  obtained  in  a  quantitative  yield  by  treatment  of  the  a -oxide  (K) 
with  an  ethereal  solution  of  dIazomethane. 

Dimethyl  ester  of  trans-chlorohydrin  (XIII)  and  its  transformations.  1.4  g  of  the  diester  of  a -oxide  (XII) 
was  dissolved  in  30  ml  of  ether  saturated  with  dry  hydrogen  chloride  and  the  solution  was  set  aside  at  room  tem¬ 
perature.  The  separated  reaction  product  was  filtered  off  after  20  hours  and  yielded  1.1  g  of  dimethyl  ester  of 
the  trans-chlorohydrin  (XIII)  with  m.p.  161-162*  after  recrystallization  from  a  mixmre  of  acetone  and  ether. 

Found  70:  C  55.12,  55.22;  H  7.03,  6.85;  Cl  11.68,  11.61.  CuHjiOgCl.  Calculated  <7o:  C  55.12;  H  6.93; 
Cl  11.63. 

The  same  diester  (XIII)  is  obtained  quantitatively  by  treatment  of  the  trans-chlorohydrin  with  an  ethereal 
solution  of  diazomethane. 

1  g  of  the  diester  of  trans-chlorohydrin  (XIII)  was  heated  in  the  presence  of  a  small  amount  of  p-toluene- 
sulfonic  acid  under  vacuum  at  165-170*  for  the  purpose  of  dehydration.  The  reaction  product  was  dissolved  in 
ether,  the  extract  was  washed  with  water,  dried  and  freed  of  ether  by  distillation.  The  resulting  oil  crystallized 
partially  and, after  having  been  washed  witli  a  mixture  of  ether  and  petroleum  ether  (1:1),  this  gave  0.35  g  of  the 
unsaturated  chloro  diester  (XIV)  with  m.p.  62-64*,  which  had  m.p.  64.5-65*  after  recrystallization  from  ether. 

Found  «7o:  C  53.47,  53.38;  H  8.05,  7.96;  Cl  13.45,  13.41.  CJ4H19O4CI.  Calculated  C  53.35;  H  8.0; 

Cl  13.39. 

For  hydrolysis,  0.2  g  of  the  unsaturated  chloro  diester  (XIV)  was  dissolved  at  0"  in  0.5  ml  of  concentrated 
sulfuric  acid  and,  after  standing  for  three  hours  at  this  temperature,  was  poured  into  5  ml  of  water.  The  mixture 
was  heated  at  50“  for  30  minutes  longer,  after  which  it  was  thoroughly  extracted  with  ether,  and  the  ethereal 
solution  was  treated  with  diazomethane;  ether  was  distilled  from  the  mixture  and  the  residue  was  treated  with 
an  alcoholic  solution  of  2,4-dinitrophenylhydrazine.  0.1  g  of  2,4 -dinitrophenylhydra zone  of  trans -anti-cis -4- 
0x0  diester  (XV)  with  m.p.  209-210“  was  obtained;  this  gave  no  depression  in  a  mixed  melting  point  with  a  pre¬ 
viously  prepared  specimen  [5]. 

Diester  of  cis -glycol  (XIX)  and  its  transformations.  2  g  of  osmic  anhydride  was  added  to  an  ethereal  solu¬ 
tion  of  1.5  g  of  anti-cis  anhydride  (V)  and  the  mixture  was  set  aside  for  five  days  at  room  temperature.  Ether 
was  then  distilled  from  it  and  the  residue  was  dissolved  in  100  ml  of  ethyl  alcohol,  treated  with  14.4  g  of  sodium 
sulfite  in  70  ml  of  water,  and  the  whole  was  refluxed  with  stirring  for  four  hours.  The  resulting  precipitate  was 
filtered  off,  washed  with  50^o  alcohol,  the  combined  mother  liquors  were  concentrated  to  the  volume  of  10  ml, 
and  were  acidified  with  hydrochloric  acid  to  Congo  red.  The  resulting  crystalline  glycol  was  filtered  off,  washed 
with  cold  water,  dried  in  air  and  treated  with  an  ethereal  solution  of  diazomethane.  The  ether  was  distilled  off 
and  there  was  formed  1.2  g  of  the  crystalline  diester  of  cis-glycol  (XIX)  with  m.p.  102-104*,  which  melted  at 
106-107“  after  recrystallization  from  a  mixture  of  ether  and  petroleum  ether  (2:1). 

Found  <70:  C  58.89,  58.80;  H  7.79,  7.79.  CMH22O6.  Calculated  <70:  C  58.73;  H  7.74. 

The  trans -anti -cis -4 -0x0  diester  (XV),  with  m.p.  99-100*,  which  gave  no  mixed-melting-point  depression 
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with  a  specimen  prepared  earlier  [5],  was  isolated  In  good  yield  after  the  dehydration  of  the  above  substance 
with  p-toluenesulfonic  acid  (2,4-dinitrophenylhydrazone  has  m.p.  210-212*). 

Diester  of  cis-glycol  (XXII)  and  its  transformations.  3.1  g  of  the  diester  of  cis -glycol  (XXII),  which  had 
m.p.  122-123*  after  recrystallization  from  a  mixture  of  ether  and  methanol  (5:1),  was  Isolated  by  the  above- 
described  method  from  3  g  of  syn-cis  anhydride  (XX)  [8]. 

Found‘d:  €  58.76,58.60;  H  7.78,  7.71.  CuHjzOe.  Calculated  V®:  €  58.73;  H  7.74. 

Trans -syn-cis -4 -0X0  diester  (XXIII)  with  m.p.  92-94*,  which  had  been  described  previously  [6],  and  which 
gave  in  good  yield  the  known  trans-syn-cis-4-oxodecahydronaphthalene-l,2-dicarboxylic  acid  (XXV)  with  m.p. 
143-144*  [6]  on  hydrolysis  with  hydrochloric  acid,  was  obtained  by  heating  the  diester  of  cis-glycol  (XX n)  with 
p-toluenesulfonic  acid  with  a  subsequent  treatment  of  the  dehydration  product  with  hydrochloric  acid. 

SUMMARY 

1.  The  reaction  of  oxidation  with  peracetic  acid  of  anti-cis-A*-octahydronaphthalene-l,2-dicarboxylic 
acid  (VIII),  its  anhydride  (V)  and  diester  (XI),  which  leads  to  the  corresponding  a -oxides  (DC),  (VI)  and  (XII), 
whose  configuration  was  proved  by  a  series  of  stereospecific  transformations,  was  studied. 

2.  The  cis -hydroxy la tion  of  syn-cis-  and  anti -cis  anhydrides  (XX)  and  (V)  was  studied  and  the  resulting 
isomeric  cis-glycols  (XK)  and  (XXII)  were  utilized  for  stereospecific  synthesis  of  isomeric  4-oxodecahydronaph- 
thalene-l,2-dicarboxylIc  acids. 
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a -KETO  OXIDES 


DC.  OXIDES  OF  ALKYLIDENEACETONES  AND  SOME  OTHER  a, fl -UNSATURATED  KETONES 

I.G.  Tishchenko,  A. A.  Akhrem  and  I.N.  Nazarov 

Instlmte  of  Organic  Chemistry  of  the  Academy  of  Sciences,  USSR 
and  the  Belorussian  State  University 


The  ability  of  divinyl  ketones,  vinyl  propenyl  ketones  and  the  conesponding  unsaturated  B  -methoxy  ketones 
to  oxidize  under  the  influence  of  alkaline  hydrogen  peroxide  to  the  corresponding  a-keto  oxides  and  a-keto  di¬ 
oxides  in  high  yields  was  described  in  the  previous  papers  of  this  series  [1, 2,  3].  The  resulting  keto  oxides  readily 
react  with  substances  containing  active  hydrogen  and  are  therefore  of  interest  for  synthetic  purposes.  • 

We  decided,  for  the  further  study  of  a-keto  oxides,  to  accomplish  the  oxidation  reaction  with  alkaline  hy¬ 
drogen  peroxide  [4]  for  other  a, d -unsaturated  ketones  of  the  aliphatic  series,  which  belong  mainly  to  the  series 
of  alkylideneacetones.  We  were  urged  in  this  direction  also  by  the  fact  that  only  the  isopropylideneacetone  oxide 
(oxide  of  mesityl  oxide)  has  been  described  up  to  the  present  [4, 5]  of  the  various  all^lideneacetone  oxides  that 
are  possible.  The  remaining  oxides  In  this  series  of  ketones  are  still  unknown.  The  present  communication  is 
devoted  to  the  study  of  oxidation  with  alkaline  hydrogen  peroxide  of;  ethylldeneacetone  (2-penten-4-one),  pro- 
pylideneacetone  (3-hexen-2-one),  trans-n-butylideneacetone  (3-hepten-2-one),  trans-isobutylideneacetone  (5- 
methyl-3-hexen-2-one),  isoamylideneacetone  (6-methyl-3-hepten-2-one),  as  well  as  3-methyl-3-hepten-2-one, 
l-methoxy-5-methyl-4-octen-3-one  and  5-methyl-l,4-octadien-3-one. 

It  was  established  thereby  that  the  corresponding  a-keto  oxides  (II-VI)  are  formed  by  the  action  with  alka¬ 
line  hydrogen  peroxide  on  the  alkylideneacetones  (I)  in  methanolic  solution  with  cooling. 

R— CH  R— CIK 

II  ^  I  >0 

CH3CO— CH  CHaCO— CH^ 

(I)  (II-VI) 

(II)  K  =  cii„  (V)  it=:iso-r,ii,. 

(HI)  H  =  (Vl)  ii=Iso  -c,H  . 

(iv)  u=n-c,ii,. 


Similarly,  3-methyl-3,4-epoxy-2-heptanone  (VIII)  is  formed  by  the  action  of  alkaline  hydrogen  peroxide 
on  3-methyl-3-hepten-2-one  (VII)  in  methanolic  solution. 


CHa-GHa-CHz— CH 

CH3— GO— C— CH3 
(VII) 


CH3— CH,— CH.— CH 

1^0 


CH 


J> 

,-co-(:— CH 


(VIII) 


3 


while  1 -methoxy -5 -methyl-4 -octen -3 -one  (DC)  and  5-methyl-l,4-octadien-3-one  (X)  yield,  respectively,  1- 
methoxy-5-methyl-4,5-epoxy-3-hexanone  (XI)  and  5-methyl-l,2,3,4-diepoxy-3-octanone  (XII). 
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CII3-CH2-CH2-C-CH3 


CH3O— cn,— CHz-CO-CH 
(IX) 

>c=cii— CO— cn=cn2 

Q,H/ 

(X) 

It  is  of  interest  to  note  that  the  presence  of  alkyl  groups  at  the  double  bond  in  the  three  latter  ketones  (VII, 
DC,  X)  greatly  hinders  the  oxidation  of  the  latter  with  alkaline  hydrogen  peroxide,  a  fact  to  which  attention  had 
been  called  previously  [2,  8]  and  which  had  been  noted  by  other  workers  [6];  this  is  evidently  explained  by  the 
electron -repelling  action  of  the  alkyl  radicals  and  the  nucleof^ilic  nature  of  the  peroxide  ion  H(D^  which  attacks 
the  double  bond.  At  the  same  time,  the  alkyl  groups  located  at  the  double  bond  exert,  as  it  is  known,  a  positive 
effect  in  reactions  of  oxidation  of  unsaturated  compounds  by  hydroperoxides  of  acids  [9, 10].  The  oxidation  of 
these  ketones,  in  contrast  to  that  of  the  alkylideneacetones,  was  run  with  a  considerable  excess  of  alkaline  hydro¬ 
gen  peroxide  at  room  temperature.  Alkylideneacetone  oxides  turned  out  to  be  stable  in  respect  to  the  action  of 
water.  Thus,  ethylideneacetone  oxide  (3,4-epoxy -2 -pentanone)  (II)  is  hydrolyzed  to  3,4 -dihydroxy -2 -pentanone 
only  after  an  extended  heating  of  its  aqueous  solution  on  a  steam  bath  and  the  yield  of  the  keto  glycol  is  low. 

The  reaction  of  hydrolysis  of  a -keto  oxides  is  accelerated  considerably  in  the  presence  of  small  amounts  of  sul¬ 
furic  acid;  however,  the  isomerization  of  the  a  -keto  axides  into  a  -diketones  occurs  in  this  case  along  with  die 
formation  of  keto  glycols.  The  formation  of  these  substances  becomes  predominant  in  a  number  of  cases,  which 
opens  tlie  way  for  a  possible  preparation  of  a -diketones  by  isomerization  of  a -keto  oxides.  Thus,  for  example, 
propylideneacetone  oxide  (3,4-epoxy-2-hexanone)  (III)  isomerizes  into  tlie  known  acetylbutyryl  (2,3-hexane- 
dione)  after  a  brief  heating  at  reflux  with  Vio  sulfuric  acid  solution  [7, 10].  Trans -n-butylideneacetone  oxide 
(3,4-epoxy-2-heptanone)  (IV)  isomerizes  into  2,3-heptanedione  (XIII)  on  being  refluxed  with  0.5*!^  sulfuric  acid 
solution  and  simultaneously  yields  the  keto  glycol  (3,4-dihydroxy-2-heptanone)  (XIV)  in  the  proportion  of  2:1, 
by  liydrolysis. 

Oil  on 

I  I 

cii;,— (;ii2-(’.H.2-(:n2-co— co-ciis  ciIs-cil-ciLj-cii— cii— co— gH;, 

(.Kill)  ’  (.\1V) 

The  structure  of  heptanedione  (XIII)  was  proved  by  its  cleavage  into  n-valeric  and  acetic  acids  under  the 
influence  of  excess  alkaline  hydrogen  peroxide  [4]. 

\ 

Dtuing  the  hydrolysis  of  oxides  of  trans-isobutylideneacetone  (2-methyl-3,4-epoxy-5-hexanone)  (V)  and 
isoamylideneacetone  (2 -methyl-4, 5-epoxy-6-heptanone)  (VI)  under  the  same  conditions,  the  known  acetyliso- 
valeryl  (2 -methyl-4, 5-hexanedione)  (XV)  [7,  8, 12],  2-methyl-3,4-dihydroxy-5-hexanone  (XVI),  the  keto  glycol 
(2-methyl-4,5-dihydroxy-6-heptanone)  (XVU)  and  acetylisocaproyl  (2 -methyl-5, 6-heptanedione)  (XVIII)  [7, 13] 
are  formed,  respectively,  under  tlie  same  conditions. 

CH3  OH  OH  CH3 

r  .  I  I 

CH3— CH— CH-CH— GO— CH3  CH3— GH-GH2-GO— CO-CH3 

(XVI)  (XV) 

0113  OH  OH  CH3 

III  I 

CH3—CH-CH2— CH-CH— CO— CH3  CH3— CH— CH2— CH2— CO— CO— CH3 

(XVII)  (XVIII) 


Cn3— GHa— GHa— G-CH3 

l> 

CH3O-CH2— GH2— CO-CH 
(XI) 

Cll,\  /°\ 

- CH-CO— CH— CH, 

C3H7/ 


It  is  of  interest  to  note  that  3-methyl-3, 4-epoxy -2-heptanone  (VHI)  isomerizes  under  the  influence  of  2*^ 
sulfuric  acid  into  4 -methyl -2, 3 -heptanedione  (XDC)  with  the  simultaneous  migration  of  the  methyl  group  from 
a  -  to  6  -carbon  atom  position,  similarly  to  the  one  observed  by  us  earlier  [14].  During  the  action  of  excess  alka  - 
line  hydrogen  peroxide  in  the  a -diketone  (XDC)  [4],  the  latter  is  cleaved  at  2,3 -position  for  formation  of  the 
corresponding  acids,  which  confirm  its  structure. 
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Fig.  1.  Ultraviolet  absorption  spectra  (in 
anhydrous  alcohol);  (II)  —  ethylideneace- 
tone  oxide;  (III)  —  propylideneacetone 
oxide;  (IV)  —  trans-n-butylideneacetone 
oxide;  (V)  ~  isobutylideneacetone  oxide. 
Alkylideneacetone  oxides  have  similar 
absorption  curves  in  tlie  ultraviolet  with 
an  intense  absorption  band  at  285-290 m/i 
[15]. 


Fig.  2.  Ultraviolet  absorption  spectra  (in 
anhydrous  alcohol);  (I)  (R  =  n— CjH^)  — 
trans-n-butylideneacetone  [16];  (I*) 

(R  =  iso-C4H9)  isoamylideneacetone  [16]; 
(VI)  ~  isoamylideneacetone  oxide; 

(Vni)  -  3-methyl-3-hepten-2-one  oxide. 


CH.T 

I 

(VI II)  -►  CHaCII.^— CII2— CH— CO-CO-CIIa  -> 

(XIX) 


->  C.n.,— Cll— coon  l-CFl;, cooil 

We  also  examined  die  ultraviolet  absorption  spectra  of 
the  alkylideneacetone  oxides  prepared  by  us  (II-VI)  and  of  3- 
methyl-3-hexen-2-one  oxide  (VIII)  in  the  wavelength  region 
from  200  to  400  mp.  The  measurements  were  made  with  the 
photoelectric  quartz  spectrophotometer  SF-4.  The  absorption 
spectra  of  these  compounds  are  shown  in  Figs.  1  and  2. 


EXPERIMENTAL 


61  g  of  ethylideneacetone  (b.p.  121-122“,  n^^D  1.4390), 
prepared  by  condensation  of  acetaldehyde  with  acetone  in  an 
alkaline  medium  [17],  was  diluted  with  320  ml  of  methanol 
and  to  the  solution,  cooled  to  -8  to  — 10“,  placed  in  a  three¬ 
necked  flask  with  a  thermometer,  a  mechanical  stirrer  and  two 
dropping  funnels,  there  was  added  simultaneously  and  with  good 
stirring,  150  ml  of  18^o  hydrogen -peroxide  solution  and  28  ml 
of  4-N  aqueous  sodium -hydroxide  solution.  Tlie  addition  of  the 
oxidizing  agent  was  run  at  such  a  rate  tliat  the  temperature  of 
the  reaction  mixture  did  not  rise  over  —5  to  —  6“,  which  re¬ 
quired  about  two  hours  with  good  cooling  of  tlie  reaction  flask 
with  ice-salt  mixture.  After  the  introduction  of  the  oxidizing 
agent,  the  reaction  mixture  was  stirred  with  cooling  for  2.5-3 
hours  longer.  Then  the  sodium  hydroxide  was  neutralized  with 
10^0  sulfuric  acid;  the  excess  hydrogen  peroxide  that  was  used 
(2.7  g)  was  decomposed  by  tlie  addition  of  manganese  dioxide 
to  tlie  reaction  mixture.  The  solution  was  diluted  with  an  equal 
volume  of  water,  saturated  witli  powdered  sodium  chloride,  the 
product  was  extracted  three  times  witli  ether,  the  extract  dried 
over  magnesium  sulfate  and  distilled  in  vacuum,  after  the  re¬ 
moval  of  ether  by  distillation.  40  g  (56.5°/o)  of  3,4-epoxy-2- 
pentanone  (II)  was  isolated  in  the  form  of  a  colorless,  mobile 
liquid  with  a  weak  characteristic  odor.* 

B.p.  44-45“  (11  mm),  48“  (14  mm),  <^\  0.9818,  n^^D 
1.4162,  MRp  25.57;  calc.  25.45.  285  mp  (clear). 

Found  ^0:  C  60.32,  60.14;  H  8.22,  8.14.  M  102,  101.8. 
CgHgOj.  Calculated  *70;  C  60.00;  H  8.00.  M  100. 

The  2,4-dinitrophenylhydrazone  precipitated  only  after 
a  prolonged  standing  of  the  alcoholic  solution  of  tlie  oxide  with 
a  sulfuric-acid  solution  of  2,4-dinitrophenylhydrazine  at  room 
temperature  or  after  a  mild  heating;  it  formed  characteristic, 
small,  orange  colored  crystals  with  m.p.  241-242*  (from  a 
mixture  of  alcohol  and  ethyl  acetate). 

•Ethylideneacetone,  prepared  by  tlie  reaction  of  paraldehyde 
with  acetone  in  the  presence  of  hydrogen  chloride  [18],  oxidizes 
less  smoothly. 
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Found ‘yo:  N  20.59.  20.35.  CiiHgOsN^.  Calculated  <70;  N  20.00. 

Ethylldeneacetone  oxide  is  readily  soluble  in  water  and  the  usual  organic  solvents.  It  displays  an  acid  re¬ 
action  after  prolonged  storage  in  air. 

Hydrolysis  of  ethylideneacetone  oxide  (II).  12.5  g  of  the  keto  oxide  (II)  dissolved  in  60  ml  of  distilled 
water,  was  heated  under  a  reflux  condenser  on  a  steam  bath  for  25  hours.  The  cooled  solution  was  saturated  with 
potassium  carbonate,  the  product  was  repeatedly  extracted  with  ether,  the  ethereal  extracts  were  combined  and 
dried  with  magnesium  sulfate  and  the  reaction  products  were  vacuum  distilled,  after  the  distillation  of  ether. 

2.7  g  of  3,4 -dihydroxy -2 -pentanone,  in  the  form  of  a  viscous,  colorless  liquid  which  was  odorless,  was  obtained. 

B.p.  108-109"  (14  mm),  d*®^  1.1085,  n*®D  1.4542,  MR^  28.74;  calc.  28.55. 

Found ‘yo:  C  50.62,  50.77;  H  8.49,  8.63;  OH  29.20,  29.07.  C5Hio03.  Calculated  7®:  C  50.85;  H  8.47; 

OH  28.81. 

The  2,4-dinitrophenylhydrazone  —  small,  needle-shaped  crystals  with  orange  color  and  m.p.  245-247* 

(from  a  mixmre  of  ethyl  alcohol  and  ethyl  acetate). 

Found  “yo:  N  18.81,  18.89.  CuHnOgN^.  Calculated  •yo:  N  18.79. 

2.  Oxidation  of  Propylideneacetone  (I,  R  =  C2H5) 

18.4  g  of  propylideneacetone  (b.p.  136-138",  n®^D  1.4445),  prepared  by  the  condensation  of  propionalde- 
hyde  with  acetone  in  an  alkaline  medium  [19],  was  oxidized  in  100  ml  of  methanol  as  described  above.  12.2  g 
(57.2"/o)  of  3,4-epoxy-2-hexanone  (HI)  was  obtained  in  the  form  of  a  colorless  liquid  with  a  characteristic,  rather 
pleasant  odor. 

B.  p.  60-61*  (14  mm),  56-56.5*  (12  mm),  (?®4  0.9723,  n*®D  1.4252,  MRp  29.97;  calc.  30.06.  X^^ax  285  mp 
(in  alcohol). 

Found ‘y<»:  C  62.72,  62.83;  118.45,9.19.  M  117,  116.  CsHmOg.  Calculated  •yo;  C  63.16;  H  8.78.  M  114.0. 

The  2,4-dinitrophenylhydrazone  —  orange  crystals  widi  an  m.p.  223-224*  (from  a  mixture  of  ethanol  and 
etliyl  acetate). 

Found ‘yo:  N  19.55.  CcHi^OgN^.  Calculated ‘yo;  N  19.05. 

Tlte  keto  oxide  is  soluble  in  water  (1:6  at  17")  and  in  the  usual  organic  solvents. 

Isomerization  of  propylideneacetone  oxide  (HI).  A  solution  of  4.2  g  of  the  keto  oxide  in  25  ml  of  1‘yo  sul¬ 
furic  acid  was  refluxed.  Soon  aftej  the  beginning  of  boiling,  drops  of  yellow -green  oil  begin  to  run  down  the 
condenser  along  with  water.  After  3.5  hours,  the  cooled  solution  was  saturated  with  powdered  salt,  the  product 
was  extracted  with  ether,  dried  with  magnesium  sulfate  and  distilled.  About  2  g  of  acetylbutyryl  (2,3-hexane- 
dione)  was  obtained  in  the  form  of  a  yellow -green  oil  with  a  penetrating,  sharp  odor,  with  b.p.  128-129",  d**4 
0.9353  [11]. 

Its  dioxime  was  prepared  by  careful  and  brief  heating  of  an  alcoholic  solution  of  the  diketone  with  hy- 
droxylamine  hydrochloride.  Colorless  plates  with  m.p.  168-169*  (from  alcohol)  [7,20]. 

Found ‘y'o;  N  19.83.  CeHoOjNj.  Calculated ‘yo;  N  19.44. 

The  diketone  displays  an  acid  reaction  after  prolonged  storage. 

3.  Oxidation  of  Trans -n -Butylideneacetone  (I,  R  =  C3H7) 

The  trans-n -butylideneacetone  used  for  the  oxidation  was  prepared  by  condensation  of  butyraldehyde  with 
acetone  under  mild  conditions  in  the  presence  of  alkali  [21].  Here,  4-heptanol-2-one  was  formed  as  the  main 
reaction  product  and  the  trans -butylideneacetone  formed  only  in  a  small  amount. 

For  the  preparation  of  butylideneacetone,  the  resulting  keto  glycol  was  distilled  under  vacuum  (15  mm), 
in  the  presence  of  a  trace  of  concentrated  sulfuric  acid.  Pure  trans -butylideneacetone  was  formed  thereby  in 
81‘yo  yield.  The  previous  methods  of  the  dehydration  of  keto  glycol  with  anhydrous  oxalic  acid  and  crystalline 
iodine  failed  to  give  a  satisfactory  result. 
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To  a  solution  of  116  g  of  trans-butylideneacetone  (b.p.  62“  at  15  mm,  n?®D  1.4430,  0.8444)  In  550  ml 

of  methanol,  placed  in  a  three-necked  flask,  there  was  added,  with  energetic  stirring  at  -8  to  -lO*  over  1.5 
hours,  205  ml  of  18®7o  hydrogen -peroxide  solution  and  18  ml  of  4-N  aqueous  sodium -hydroxide  solution.  94.5  g 
(71.3*7o)  of  3,4-epoxy-2-heptanone  (IV)  was  isolated  in  the  form  of  a  colorless,  mobile  liquid  with  a  characteristic, 
pleasant  odor. 

B.p.  54.5-55“  (5  mm),  d^®4  0.9518,  n*®D  1.4292,  MR^  34.64;  calc.  34.68.  285  m^x  (in  alcohol). 

Found  *70;  €  65.30,65.32;  H  9.69,  9.12.  M  127.5,  127.4.  G^HbOj.  Calculated  <70;  €  65.62;  H  9.38; 

M  128. 

The  2,4-dinltrophenylhydrazone  -  characteristic,  crumbly,  silky  crystals  with  yellow-orange  color;  m.p. 
141-142“  (from  alcohol). 

Found  *70:  N  18.28.  G^HieOgN^.  Galculated N  18.18. 

The  keto  oxide  is  poorly  soluble  in  water,  readily  soluble  in  the  usual  organic  solvents.  It  is  stable  in 
storage. 

Hydrolysis  and  isomerization  of  trans-n-butylideneacetone  oxide  (IV).  A  mixture  of  17  g  of  trans-n- 
butylideneacetone  oxide  and  200  ml  of  0.5*70  sulfuric  acid  was  refluxed  for  5.5  hours  (until  the  iodine  ceased  to 
be  liberated  after  addition  of  potassium  iodide  to  a  test  sample  —  a  test  for  a -keto  oxide).  Then  the  diketone 
was  steam  distilled  from  the  reaction  mixture.  After  the  distillation  of  Vs  of  the  original  volume,  the  steam 
distillation  was  stopped  (the  distillate  began  to  run  colorless).  The  distillate  was  saturated  with  table  salt,  ex¬ 
tracted  with  ether,  dried  with  sodium  sulfate  and  vacuum  distilled,  after  the  distillation  of  the  ether.  8.7  g  (51*70) 
of  acetylvaleryl  was  isolated  (2,3 -heptanedione)  (XIII)  in  the  form  of  an  oily  liquid  with  yellow-green  color  and 
a  characteristic  sharp  odor  similar  to  that  of  diacetyl. 

B.p.  35-35.5“  (6  mm),  143-145“  (743  mm),  d^®^  0.9241,  n*®D  1.4138. 

Found  *7o:  €  65.54,65.78;  H  9.49,  9.45.  GjHbOj.  Galculated  *7>;  €  65.62;  H  9.38. 

Bis-2,4-dinitrophenylhydrazone  -  crumbly,  needle-shaped  crystals  with  bright  orange  color  and  m.p.  210-211“ 
(from  a  mixture  of  ethanol  and  ethyl  acetate). 

Found  *7o:  N  23.07,  22.98.  G^HgoOgN*.  Galculated  *7o:  N  22.93. 

The  a -diketone  is  poorly  soluble  in  water  and  changes  on  standing  in  air  (shows  an  acid  reaction). 

Gleavage  of  the  diketone  (XIII).  4.2  g  of  the  diketone  and  10  ml  of  water  were  placed  in  a  small  flask 
and  to  the  resulting  mixture  was  added,  in  3-4  portions  with  shaking,  7.5  ml  of  27*7o  hydrogen -peroxide  solution 
and  3.6  g  of  sodium  hydroxide  in  20  ml  of  water.  The  yellow  color  of  the  solution  and  the  characteristic  odor 
of  the  diketone  disappeared  completely  after  the  addition  of  the  oxidizing  agent.  The  solution  was  kept  for  two 
hours  at  room  temperature,  after  which  it  was  heated  on  a  water  bath  for  20-25  minutes  at  55-60“.  Then,  the 
solution  was  cooled,  the  neutral  products  were  extracted  with  ether  and  the  aqueous  residue  was  evaporated  nearly 
to  dryness  on  a  water  bath.  The  resulting  salts  were  decomposed  with  10*7o  sulfuric  acid  (until  acid  to  Gongo  red), 
the  resulting  organic  acids  were  extracted  three  times  with  ether,  the  extract  was  dried  over  sodium  sulfate  and 
distilled.  1.4  g  of  n-valeric  acid  was  obtained  (b.p.  183-185“,  n^D  1.4080). 

Found  M  103,  99.8.  GsHioQj.  Galculated  M  102. 

Simultaneously,  about  1  g  of  acetic  acid  was  isolated  in  the  same  experiment  (b.p.  116-118“,  n*®D  1.3715, 
d*®4  1.05). 

Isolation  of  keto  glycol  —  3,4-dihydroxy -2 -heptanone  (XIV).  The  flask  residue,after  the  distillation  of  the 
diketone  (XIII)  with  steam,  was  saturated  with  potassium  carbonate,  the  separated  organic  layer  was  removed  and 
the  aqueous  layer  was  thoroughly  extracted  with  ether.  The  separated  layer  and  the  ethereal  extracts  were  com¬ 
bined,  dried  with  roasted  potassium  carbonate  and  distilled  under  vacuum,  after  the  ether  had  been  distilled  off. 

6.5  g  of  3, 4-dihydroxy -2-heptanone  was  isolated  in  the  form  of  a  nearly  colorless,  viscous  liquid,  which  was 
odorless. 

B.p.  90“  (1  mm),  1.0613,  n^®D  1.4550,  MRp  37.29;  calc.  37.58. 
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Found  *70:  C  57.73,  57.39;  H  9.44,  9.85;  OH  23.76,  23.66.  CyH^O,.  Calculated ‘7o;  C  57.53;  H  9.59; 

OH  23.29. 

The  2,4-dinitrophenylhydrazone  -  small  orange  crystals  with  m.p.  214-215*  (from  a  mixture,  of  ethanol 
and  etliyl  acetate). 

Found ‘7>;  N  17.71,  17.62.  C,3lIig06N4.  Calculated  *70:  N  17.18. 

The  keto  glycol  is  readily  soluble  in  water,  alcohol,  benzene,  acetone,  and  ether;  less  readily  soluble  in 
petroleum  ether.  It  crystallized  on  standing  into  needle-shaped  crystals  with  m.p.  30-32*. 

Acetylation  of  keto  glycol  (XIV).  Two  or  tluee  drops  of  concentrated  sulfuric  acid  was  added  to  a  solution 
of  4.8  g  of  the  keto  glycol  in  50  g  of  freshly  distilled  acetic  anhydride  and  the  solution  was  heated  under  a  reflux 
condenser  on  a  steam  bath  for  10.5  hours.  The  reaction  product  was  poured  into  75-80  ml  of  ice  water,  the 
acetic  acid  was  carefully  neutralized  with  alkali,  and  with  sodium  carbonate  near  the  end,  the  resulting  acetate 
was  extracted  witli  etlier,  dried  with  sodium  sulfate  and  vacuum  distilled.  3  g  of  keto  glycol  diacetate  was  ob¬ 
tained  in  die  form  of  a  viscous,  colorless  liquid  widi  a  feeble  odor. 

B.p.  106-108*  (1  mm),  \  1.033,  n^®D  1.4360,  MR^  56.48;  calc.  56.32. 

Found  C  57.26,  57.20;  H  8.12,  8.10;  CHjCO  38.23,  37.66.  CTHaOjfCOCHj)^.  Calculated  "/o;  C  57.35; 
H  7.83;  COCH3  37.39. 

4.  Oxidation  of  Trans-Isobutylideneacetone  (I,  R  =  iso— CjHy) 

57  g  of  trans-isobutylideneacetone  (b.p.  63-65*  at  20  mm,  n*®D  1.4402,  d^®^  0.8409),  prepared  by  the  con¬ 
densation  of  isobutyraldehyde  with  acetone  [22],  was  placed  in  a  three -necked  flask  with  200  ml  of  methanol 
and  100  ml  of  18%  of  liydrogen -peroxide  solution  and  18  ml  of  4-N  aqueous  sodium -hydroxide  solution  were 
added  to  the  resulting  solution  with  energetic  stirring  over  1  hour  and  40  minutes  at  —10  to  —11*.  The  mixture 
was  stirred  for  about  two  hours  longer  at  room  temperature,  after  the  addition  of  the  entire  amount  of  the  oxidiz¬ 
ing  agent.  31  g  (47%)  of  2-methyl-3,4-epoxy-5-hexanone  (V)  was  isolated  after  the  usual  treatment  and  vacuum 
distillation;  this  formed  a  colorless,  mobile  liquid  with  a  pleasant,  characteristic  odor. 

B.p.  54-55"  (9  mm).  \  0.9589,  n*®D  1.4275,  MRp  34.31;  calc.  34.68.  290  mp  (in  alcohol). 

Found  %:  0  65.71,65.65;  11  9.28,9.34.  M  127.8,  130.4.  Calculated  %:  C  65.62;  H  9.38. 

M  128.0. 

Tlie  2,4-dinitrophenylhydrazone  —  dark  yellow  crystals  with  m.p.  141*  (from  alcohol). 

Found  %:  N  18.24,  18.07.  CbHi605N4.  Calculated  %:  N  18.18. 

Tlie  keto  oxide  was  difficultly  soluble  in  water,  readily  soluble  in  the  usual  organic  solvents.  It  displays 
an  acid  reaction  after  prolonged  standing. 

Hydrolysis  and  isomerization  of  the  keto  oxide  (V).  A  mixture  of  23  g  of  keto  oxide  (V)  and  200  ml  of 
0.5%  sulfuric  acid  was  refluxed  in  a  round -bottomed  flask  for  16  hours.  7  g  of  acetylisovaleryl  was  obtained  (2- 
methyl-4,5-hexanedione)  (XV)  in  the  form  of  an  oily  liquid  with  yellow -green  color  and  a  penetrating  odor 
[7,8, 12]. 

B.p.  137-138*,  (f®4  0.9098,  n^®D  1.4148,  MR^  35.18;  calc.  34.55. 

Found  %:  C  65.32;  H  9.34.  M  126.9,  129.  CyHcOj.  Calculated  %:  C  65.62;  H  9.38.  M  128. 

Dioxime,  m.p.  168*  (from  aqueous  alcohol)  [7,  8];  bis-2,4-dinitrophenylhydrazone,  m.p.  222*  (from  alcohol). 

Found  %:  N  23.17,  23.07.  Ci9H2o08Ng.  Calculated  %:  N  22.95. 

Keto  glycol  —  2 -methyl-3,4 -dihydroxy -5 -hexanone  (XVI).  4  g  of  the  keto  glycol  (XVI)  was  isolated  from 
the  solution  after  the  steam  distillation  of  the  diketone  (see  experiment  above);  this  was  a  viscous  liquid  with 
yellowish  color  and  a  weak  odor. 

B.p.  84-85*  (2.5  mm).  c?®4  1.0332,  n^®D  1.4552,  MRj^  37.82;  calc.  38.35. 

Found  %:  C  57.47,  57.58;  H  9.48,  9.55;  OH  23.04,  22.97.  M  148.2,  144.5.  CyHuOg.  Calculated  %: 

C  57.53;  H  9.59;  OH  23.29.  M  146. 
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2.4- Dinitrophenylhy<lrazone  —  small,  deep  red  crystals  with  m.p.  210*  (from  alcohol). 

Found  *70:  N  17.41.  C0H18O6N4.  Calculated  N  17.18. 

The  keto  glycol  is  ratlier  readily  soluble  in  water,  soluble  in  the  usual  organic  solvents. 

5.  Oxidation  of  Isoamylideneacetone  (I,  R  =  iso-C4H9) 

The  isoamylideneacetone  used  for  the  oxidation  was  prepared  by  the  condensation  of  isovaleraldehyde  with 
acetone  in  an  alkaline  medium  [23].  The  keto  alcohol  was  the  main  reaction  product,  which  was  dehydrated  by 
us  into  the  isoamylideneacetone  by  vacuum  distillation  in  the  presence  of  concentrated  sulfuric  acid.  215  g  (S3°lo) 
of  pure  isoamylideneacetone  witli  b.p.  64.5-65“  (10  mm),  n®D  1.4430,  was  obtained  from  312  g  of  the  keto  al¬ 
cohol  after  a  vacuum  distillation  (15  mm)  in  the  presence  of  8-10  drops  of  concentrated  sulfuric  acid. 

126  g  of  isoamylideneacetone,  diluted  with  500  ml  of  methanol,  was  oxidized  by  the  addition  of  200  ml 
of  18^0  hydrogen -peroxide  solution  and  17  ml  of  4-N  aqueous  sodium -hydroxide  solution  over  two  hours  at  —8  to 
—  10*  with  energetic  stirring.  After  the  mixture  had  been  stirred  for  one  hour  longer  and  the  usual  treatment 
(methanol  was  distilled  off  in  vacuum), there  was  isolated  107  g  (75.7*70)  of  isoamylideneacetone  oxide  (6-methyl- 

3,4-epoxy-2-heptanone)  (VI)  in  the  form  of  a  colorless,  mobile  liquid  with  a  pleasant  odor. 

B.p.  57"  (1  mm),  84“  (15  mm),  d^®4  0.9317,  n^®D  1.4303.  MRp  39.39;  calc.  39.30.  285  mp  (in  ale.). 

Found  *70:  C  67.79;  H  9.78.  M  140.2,  143.2.  CjHi^Oj.  Calculated  *70;  C  67.60;  H  9.86.  M  142. 

The  2,4-dinitrophenylhydrazone  —  characteristic  crumbly  crystals  with  golden-yellow  color  and  m.p. 
135-136“  (from  alcohol). 

Found  *70:  N  17.05,  17.21.  CMHig05N4.  Calculated  *70;  N  17.39. 

The  keto  oxide  is  difficultly  soluble  in  water,  readily  soluble  in  the  usual  organic  solvents.  It  is  stable  in 
storage. 

Hydrolysis  and  isomerization  of  isoamylideneacetone  oxide  (VI).  a)  A  mixture  of  32  g  of  the  keto  oxide 
and  250  ml  of  0.25*70  sulfuric  acid  was  refluxed  in  a  flask  for  32  hours.  Almost  all  the  keto  oxide  passed  into 
solution.  The  solution  was  saturated  with  potassium  carbonate,  the  separated  organic  layer  was  removed,  the 
aqueous  portion  was  extracted  three  times  with  ether,  the  extract  was  combined  witii  the  separated  layer,  dried 
with  potassium  carbonate  and  distilled  under  vacuum,  after  the  ether  had  been  distilled  off.  7  g  of  acetyliso- 
caproyl  (2-methyl-5,6-heptanedione)  (XVIII)  was  isolated  in  the  form  of  a  yellow-green  oil  with  a  penetrating, 
characteristic  odor  of  an  a  -diketone  [7]. 

B.p.  39“  (1  mm),  162-164“  (752  mm),  d*®4  0.9212,  n*®D  1.4240,  MR^  39.31;  calc.  39.17. 

Dioxime  —  thin,  needle-shaped  crystals  with  m.p.  172-173*  (from  alcohol).  Bis -2,4-dinitrophenylhydra¬ 
zone  -small  orange  crystals  with  m.p.  224-226“  (after  washing  with  methanol). 

Found  *7o:  N  22.07,  22.40.  CjoHazOaNg.  Calculated  *70:  N  22.31. 

2.5  g  of  keto  glycol  (2-methyl-4,5-dihydroxy-6-heptanone)  (XVn)  was  isolated  along  with  the  dione 
(XVIII)  in  this  experiment;  the  product  had  b.p.  85-86*  (1  mm)  and  crystallized  completely  after  a  brief  standing, 
yielding  the  characteristic  long,  needle-shaped  crystals  with  m.p,  65-67“  (from  petroleum  ether). 

Found  *70:  C  59.89,  59.72;  H  10.08,  10.01;  01121.92,21.84.  M  162.2,  159.8.  CgHjeO^.  Calculated  *7o: 

C  60.00;  H  10.00;  OH  21.25.  M  160. 

2.4- Dinitrophenylhydrazone  —  orange  crystals  with  m.p.  216-218“  (after  being  washed  on  the  filter  with 
methanol). 

Found  *70;  N  17.08,  17.04.  CUH20O6N4.  Calculated  *70:  N  16.47. 

The  keto  glycol  is  soluble  in  alcohol,  benzene  and  ether. 

b)  15  g  of  the  keto  oxide  and  200  ml  of  2.5*7o  sulfuric  acid  were  refluxed  in  a  flask  for  two  hours.  The  up¬ 
per  layer  was  separated,  the  residue  was  evaporated  under  vacuum,  saturated  with  potassium  carbonate  and  ex¬ 
tracted  with  ether.  The  separated  layer  and  the  ethereal  extracts  were  combined,  dried  with  potassium  carbonate 
and  vacuum  distilled.  1.5  g  of  tlie  original  keto  oxide  (VI)  and  6.5  g  of  the  keto  glycol  (XVII)  were  isolated. 
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c)  17  g  of  tlie  keto  oxide  and  250  ml  of  water  were  refluxed  in  a  flask  for  38  hours.  After  the  usual  treat¬ 
ment,  10  g  of  the  original  keto  oxide  and  1.5  g  of  the  keto  glycol  (XVII)  were  isolated. 

6.  Oxidation  of  3 -Methyl -3 -hepten -2 -one  (VII) 

35  g  of  3-methyl-3-hepten-2-one  (VII)  (b.p.  84-85“  at  20  mrn,  n®D  1.4465)  was  placed  in  a  three-necked 
flask  with  220  ml  of  methanol;  the  starting  ketone  had  been  prepared  by  condensation  of  n-butyraldehyde  with 
methylethyl  ketone  [24].  To  tlie  solution,  cooled  to  ~4“,  there  were  simultaneously  added,  over  1  hour  and  15 
minutes  with  energetic  stirring.  65  ml  of  18*7o  hydrogen -peroxide  solution  and  13.5  ml  of  4-N  sodium -hydroxide 
solution.  The  mixture  was  stirred  witii  cooling  for  three  hours  and  was  set  aside  for  twelve  hours  at  room  tem¬ 
perature.  Then,  65  ml  of  18^o  hydrogen-peroxide  and  11.5  ml  of  4-N  sodium -hydroxide  solution  were  added  ad¬ 
ditionally  to  tire  reaction  mixture.  9.4  g  of  hydrogen  peroxide  had  reacted  over  three  hours,  this  amount  corres¬ 
ponding  to  the  amount  required  by  a  calculation.  After  the  usual  treatment  (methanol  was  distilled  under  vacuum 
of  110-115  mm),  we  obtained  20.3  g  (51. 4*!^)  of  3-methyl-3,4-epoxy-2-heptanone  (VIII)  in  the  form  of  a  color¬ 
less,  mobile  liquid  with  a  characteristic  pleasant  odor. 

B.p.  51-52“  (4  mm),  0.9298,  n*®D  1.4325,  MRq  39.68;  calc.  39.30,  Xmax  290  m/i  (in  alcohol). 

Found ‘7o:  C  68.10,  68.09;  H  10.18,  10.15.  M  142.4,  142.5.  CgHuO^.  Calculated ‘7o;  C  67.60;  H  9.86. 

M  142.0. 

2,4 -Dinitrophenylliydra zone  —  bright  orange  crystals  with  m.p.  110“  (from  alcohol). 

Found N  17.65,  17.69.  C14H18O5N4.  Calculated ‘7o:  N  17.39. 

Tlie  keto  oxide  was  poorly  soluble  in  water,  readily  soluble  in  the  usual  organic  solvents. 

Isomerization  of  3-metliyl-3-hepten-2-one  oxide  (VIII).  A  mixture  of  16  g  of  the  keto  oxide  and  170  ml 
of  2^0  sulfuric  acid  was  refluxed  for  20  hours.  The  isomerization  began  after  two  hours  of  boiling,  and  was  ac¬ 
companied  by  a  change  of  color  of  tlie  reaction  mixture.  3  g  of  the  a -diketone  —  4 -methyl -2,3 -heptanedi one 
(XIX)  was  isolated  after  tlie  usual  treatment  and  a  vacuum  distillation;  this  was  in  the  form  of  a  yellow-green  oil 
with  a  characteristic  penetrating  odor. 

B.p.  46-48“  (5  mm),  d^®^  0.9159,  n^®D  1.4298,  MRp  40.00;  calc.  39.17. 

Found  C  67.01;  H  9.35.  CjHnOj.  Calculated  C  67.60;  H  9.86. 

Tlie  diketone  was  poorly  soluble  in  water,  soluble  in  the  usual  organic  solvents. 

BLs-2,4-dinitrophenylliydrazone  —  orange,  needle-shaped  crystals  with  m.p.  224-226“  (from  a  mixture  of 
etlianol  and  etliyl  acetate). 

Found  *70:  N  21.74.  CzoHzzOgNg.  Calculated  <70:  N  22.31. 

For  tlie  proof  of  structure  of  the  keto-group  locations,  the  diketone  (XK)  was  subjected  to  cleavage  with 
excess  alkaline  hydrogen  peroxide.  3  ml  of  27*70  hydrogen-peroxide  solution  and  1,3  g  of  sodium  hydroxide  in 
6  ml  of  water  were  added, witli  shaluiig  and  water  cooling, to  1.6  g  of  the  diketone  mixed  with  5  ml  of  water  and 
tlie  decolorized  solution  was  set  aside  for  2-3  hours  at  room  temperature,  after  which  it  was  heated  under  a  re¬ 
flux  condenser  for  25-30  minutes  on  a  water  bath.  Then,  the  aqueous  solution  was  evaporated  on  a  water  bath 
to  a  paste,  acidified  with  10*70  sulfuric  acid  to  an  acid  reaction,  the  organic  acids  were  extracted  with  ether  and 
dried  with  sodium  sulfate.  The  residue  after  the  distillation  of  ether  was  heated  with  calcined  lime  in  a  test- 
tube  partly  stoppered  with  a  piece  of  filter  paper  moistened  with  o-nitrobenzaldehyde  solution  [25].  The  paper 
acquired  a  blue  color  (formation  of  indigo)  under  the  action  of  acetone  vapors,  which  indicated  the  presence  of 
acetic  acid.  Since  the  other  homologs  of  acetic  acid  do  not  give  tliis  reaction,  while  alkaline  hydrogen  peroxide 
cleaves  the  C— C  bond  of  a -diketones  between  carbon  atoms  which  carry  the  carbonyl  oxygens  [4],  it  follows 
that  the  presence  of  carbonyl  groups  in  2,3-positions  of  the  diketone  should  be  admitted. 

7.  Oxidation  of  1  -  M  ethoxy  -  5  -  m  ethy  1 -4  -  octen  -  3  -  one  (IX) 

64  g  of  freshly  distilled  l-metlioxy-5-methyl-4-octen-3-one  (b.p.  84-86“  at  3  mm,  n^D  1.4550)  [26]  in 
350  ml  of  methanol  was  oxidized  over  45  hours  with  energetic  stirring  at  20*  with  156  ml  of  18*7o  hydrogen - 
peroxide  solution  and  36  ml  of  4-N  sodium -hydroxide  solution.  42.5  g  (60*7o)  of  1 -m ethoxy -5 -methyl -4, 5 -epoxy - 
3-octanone  (X)  was  isolated  in  the  form  of  a  colorless,  rather  mobile  liquid  with  a  weak,  characteristic  odor. 
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B.p.  93-94*  (1  mm).  0.9754,  1.4420,  MRp  50.50;  calc.  50.18. 

Found  <70:  C  64.70;  H  9.69.  M  185,187.  CioHigOj.  Calculated  <70;  C  64.52;  H  9.68.  M  186. 
2,4-Dinitrophenylhydrazone  —  bright  yellow  needles  with  m.p.  215“  (from  alcohol). 

Found  <70;  N  15.40,  15.43.  CielljaOeN^.  Calculated  <70:  N  15.30. 

The  keto  oxide  was  soluble  in  water  (1:10),  and  readily  soluble  in  the  usual  organic  solvents. 

8.  Oxidation  of  5  -  M  ethy  1  - 1 , 4  -  oc  ta  dien  -  3  -  one  (XI) 

40  ml  of  18^0  hydrogen-peroxide  solution  and  8  ml  of  4-N  sodium -hydroxide  solution  were  added,  with 
energetic  stirring  at  20*,  to  a  solution  of  10.7  g  of  5-methyl-l,4-octadien-3-one  (b.p.  59-61*  at  2  mm,  n**D 
1.4760)  [2, 27]  and  60  ml  of  dioxane  placed  in  a  small,  three-necked  flask.  Then  the  solution  was  stirred  for 
two  hours  more  at  this  temperature.  After  the  usual  treatment. (see  above)  and  a  vacuum  distillation,  8.2  g  (62‘7o) 
of  5-metliyl-l,2.4,5*diepoxy-3-octanone  (XII)  was  isolated  in  the  form  of  a  colorless  liquid  with  a  weak,  charac¬ 
teristic  odor. 

B.p.  84.5-85.5*  (1  mm).  1.0074,  n^®D  1.4570,  MR^  43.32;  calc.  42.66. 

Found  *70:  C  63.21,  63.17;  H  8.78,  8.85.  M  169,  172.  CaH^Oj.  Calculated  *70:  C  63.53;  H  8.24.  M  170. 
2,4-Dinitrophenylhydrazone  —  bright  yellow  needles  with  m.p.  193-195*  (from  ethanol). 

Found  <70:  N  16.37,  16.29.  Cj;Hi80<jN4.  Calculated  *70:  N  16.00. 

Tlie  keto  oxide  is  soluble  in  water  and  readily  soluble  in  the  usual  organic  solvents. 
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SUMMARY 

1.  The  reaction  of  oxidation  of  a  series  of  a, fl -unsaturated  ketones  and  5-methyl-l,4-octadien-3-one  with 
alkaline  hydrogen  peroxide  was  studied.  Oxides  of  ethylideneacetone,  {wopylideneacetone,  trans-n-  and  trans- 
iso -butylideneacetones,  isoamylideneacetone,  3-methyl-3-hepten-2-one,  l-methoxy-5-methyl-4-octen-3-one 
and  5-methyl-l,4-octadien-3-one  were  prepared  and  characterized  for  the  first  time. 

2.  It  was  shown  that  these  oxides  of  alkylideneacetones  and  3 -methyl-3 -hepten -2 -one  oxide  isomerize 
into  a -diketones  under  the  influence  of  dilute  sulfuric-acid  solutions  and  hydrolyze  at  the  same  time  into  the 
corresponding  keto  glycols. 

3.  The  ultraviolet  absorption  spectra  of  ethylideneacetone,  propylideneacetone,  trans-n-  and  trans-iso- 
butylideneacetone,  isoamylideneacetone  and  3-methyl-3-hepten-2-one  were  examined  in  the  region  of  200  to 
400  mp.  It  was  established  that  they  all  possess  an  absorption  band  at  285-290  mp  which  is  related  to  the  car¬ 
bonyl  group. 
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SYNTHESIS  AND  HYDROGENATION  OF  1 . 4 , 7  -  TRIPH  EN  Y  L  H  E  PT  A  N  E, 
1.7 -DIPHENYL-4-BENZYLHEPTANE  AND  1.7-DIPHENYL-4- 
(2 -PHENYLETHYL) -HEPTANE,  III. 


M.A.  Chel’tsova  and  A.D.  Petrov 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


In  the  present  investigation  we  have  continued  the  synthesis  of  triphenyl-  and  tricyclohexylcycloalkanes[l,2]. 
The  hydrocarbons  were  synthesized  by  the  following  general  scheme: 


CeHs-G-C-CMgBr  +  CaHsOOCCCU-CeHs 

-H,0  Olefin 

(OeHs— C— C— C)2— C— (C)ii— CeHs - >  mixture 


OH 


CeHs-C-G-C-C-C-C-C-CeHs  — GeHuG-G-C-G-G— G-G-G^H* 
(C)»  (cl) 


G«H 


6«5 


GflHi 


where  n  =  0,  1,  2, 

The  physicochemical  properties  of  the  resulting  hydrocarbons  are  given  in  Table  1.  The  melting  points 
(or  freezing  points)  and  the  viscosities  of  hydrocarbons  prepared  in  the  present  work  and  of  those  synthesized  pre¬ 
viously  and  differing  only  by  the  different  disposition  of  phenyl  and  cyclohexyl  rings  in  the  alkane  chain,  are 
given  in  Table  2. 


A  comparison  of  the  melting  (or  freezing)  points  and  of  viscosity  indicates  that  the  transition  from  triphenyl- 
and  tricyclohexylalkanes,  in  which  all  rings  are  at  the  same  carbon  atom,  to  triphenyl-  and  tricyclohexylalkanes 
of  the  same  molecular  weight,  but  having  a  different  disposition  of  the  rings  along  the  chain,  causes  a  severe 
drop  of  the  freezing  points  and  viscosity  indexes. 

It  was  also  interesting  to  compare  the  freezing  points  (and  viscosities)  of  the  triphenyl-  and  tricyclohexyl¬ 
alkanes  synthesized  by  us.  We  can  see  that  the  freezing  points  drop  from  —15  to  —38*  with  the  growth  of  the 
length  of  the  central  side -chain,  despite  the  increase  of  the  molecular  weight.  (This  interesting  phenomenon 
had  been  noted  earlier  in  the  examples  of  aliphatic  hydrocarbons.) 


EXPERIMENTAL* 

1,4,7 -Triphenylheptane  (I).  One  of  the  starting  materials  -  l-bromo-3-phenylpropane  was  prepared  by  us, 
following  the  technique  of  [3],  in  75*70  yield,  by  a  slow  distillation  of  1 -phenyl-3 -propanol  with  48*70  hydrobromic 
acid. 

B.p.  117*  (25  mm),  d^®^  1.3057,  n*®D  1.5430,  MRp  48.04;  calc.  47.94.  Literature  data  [3]:  b.p.  118-119* 
(17  mm). 


♦V.P.  Khrukhtanova  participated  in  the  experimental  work. 
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Physicochemical  Properties  of  Triphenyl-  and  Tricyclohexylalkanes 


TABLE  2 


Freezing  Points  (Melting  Points)  and  Viscous  Properties  of  Triphenyl-  and  Tricyclo- 
hexylalkanes 


■•2 

Empiri- 

Structural  formula 

Melting 

(freezing; 

point 

Viscosity  (in  centistokes) 

eI  . 

cal 

formula 

20" 

50® 

100® 

150® 

— 

— 

c,n,-c-(C), 

C.H,/ 

76-76.5° 

— 

— 

6.05 

2.30 

(I) 

^25^^28 

C(H|—  C — C — C-“C— C— C-“C— CfHj 

C,H, 

—15 

97.8 

20.5 

5.45 

1.65 

“ 

C.H,\ 

C,H,-C-(C), 

C.H,/ 

+5 

■ 

572.0 

15.0 

3.65 

(ii) 

QeHso 

C,H,-C-C-C-C-C-C-C-C,H, 

C 

1 

C,H. 

-25 

71.80 

16.62 

3.60 

1.62 

C,H,-C-C-(C), 

C.H,/  1, 

+15 

422.0 

15.82 

4.88 

(III) 

C27II32 

C,H»-C-C-C-C-C-C-C-C,H» 

t 

i.n. 

—38 

48.50 

15.85 

4.58 

1.95 

“ 

C,H„-C-(C), 

C.11./ 

+10 

_ 

635.0 

19.40 

3.21 

(IV) 

^25^^46 

C.H„-C -c-c-c-c-c-c-c,n„ 
i.Hu 

—20 

423.19 

49.37 

6.80 

2.38 

C,II„-C-C-(C), 

C.H,/  ^ 

+2 

431.0 

16.5 

4.0 

(VI) 

C27H5O 

OflH  u'“C — C* — C — C — C**C"“C — C,H|| 

c 

1 

c 

(!,Hh 

—25 

274.0 

35.84 

10.0 

3.59 

95  g  (39°Jo)  of  the  product  was  obtained  from  112  g  of  ethyl  benzoate  (b.p.  93*  at  14  mm)  and  C5H5C1^- 
CH2CH2MgBr  (from  300  g  of  l-bromo-3-phenylpropane):  b.p.  208“  (1  mm),  \  1.0211,  n*®D  1.5825,  MR^  106.44; 
calculated  106.38;  this  product  was  an  olefin  mixmre  obtained  by  dehydration  of  the  l,4,7-triphenyl-4-heptanol 
in  the  process  of  the  reaction  and  the  subsequent  treatment  of  the  reaction  mixture. 

30  g  of  the  olefin  mixture  was  hydrogenated  under  hydrogen  pressure  over  Raney  nickel  at  40*;  27  g  of  (I) 
was  isolated.  11  g  of  olefin  mixture  was  hydrogenated  as  indicated  above  at  170*;  8  g  of  1,4,7 -tricyclohexyl- 
heptane  (IV)  was  isolated. 

l,7-Diphenyl-4-benzylheptane  (II).  105  g  (44*70)  of  a  product  which  was  a  mixture  of  l,7-diphenyl-4- 
benzyl-4-heptanol  and  the  products  of  its  dehydration,  was  obtained  from  110  g  of  phenylacetic  acid  (b.p.  188* 
at  il  mm,  d*®4  1.0314,  n**D  1.5020;  in  literature  data  [4];  b,  p.  227*  at  760  mm,  d*®4  1.0333,  n^®  1,4992)  and 
CjHsCHjCHjCHjMgBr  (from  300  g  of  l-bromo-3-phenylpropane).  The  mixture  was  subjected  to  a  complete  de¬ 
hydration  by  method  [5].  The  resulting  olefin  mixture  had  the  following  constants:  b,  p.  237*  (3  mm),  d*®4 
1.0097,  n*®D  1.5765,  MRq  111.62;  calc.  111.0. 
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35  g  of  (II)  was  isolated  by  hydrogenation  of  41  g  of  the  mixture  at  50*  (conditions  as  indicated  above). 

18  g  of  1,7 -dicyclohexyl-4 -(cyclohexylmethyl)-heptane  (V)  was  obtained  by  hydrogenation  of  23  g  of  the  mix¬ 
ture  at  170*. 

1.7- Diphenyl-4-(2-phenylethyl)-heptane  (III).  101  g  (59<^)  of  l,7-diphenyl-4-(2-phenylethyl)-heptan-4-ol 
with  m.p.  60-61*  was  obtained  from  87  g  of  ediyl  hydrocinnamate  (b.p.  124*  at  16  mm,  n*®D  1.4932j  in  the 
literature  [6]:  b.p.  122.8*  at  12  mm,  n*®D  1.4954)  and  CfH5Cl^CH2CH|MgBr  (from  266  g  of  1 -bromo -3 -phenyl - 
propane). 

Found‘d:  C  87.07;  H  8.51;  OH  4.1.  C^HjjO.  Calculated  C  87.03;  H  8.68;  OH  5.0. 

The  dehydration  was  run  as  indicated  previously  [5].  A  mixture  of  olefins  amounting  to  58  g  (60^o)  was 
obtained  after  heating  100  g  of  the  carblnol  with  166  g  of  acetic  acid  and  1  ml  of  sulfuric  acid  (concentrated) 
for  30  minutes  on  a  water  bath: 

B.p.  268*  (5  mm),  d*®^  1.0036,  n*®D  1.5710,  MRd  115.85;  calc.  115.62. 

21  g  of  (III)  was  obtained  by  hydrogenation  of  30  g  of  this  mixture  at  40*.  15  g  of  l,7-dicyclohexyl-4-(2-cyclo- 
hexylethyl) -heptane  (VI)  was  obtained  by  hydrogenation  of  21  g  of  the  mixture  at  170*. 

SUMMARY 

1.4.7 - Triphenylheptane,  l,7-diphenyl-4-benzylheptane,  l,7-diphenyl-4-(2-phenylethyl)-heptane,  1,4,7- 
tricyclohexylheptane,  1,7 -dicyclohexyl -4 -(cyclohexylmethyl)-heptane  and  1, 7 -dicyclohexyl -4 -(2 -cyclohexyl - 
etliyl) -heptane  were  synthesized  for  the  first  time  and  their  freezing  points  and  the  viscosity  properties  at  various 
temperatures  were  determined  for  these  hydrocarbons. 
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CATALYTIC  HYDROGENATION  OF  VIN  Y  L  A  C  E  T  Y  L  EN  E 
FOR  THE  PREPARATION  OF  BUTADIENE 

1.  GENERAL  KINETIC  RULES  OF  SELECTIVE  HYDROGENATION 
OF  VINYLACETYLENE  IN  SOLUTION 

I.V.  Garmonov,  A.L.  Klebanskii  and  K.K.  Chevychalova 
All-Union  Synthetic  Rubber  Research  Institute 


One  of  the  possible  methods  of  preparation  of  butadiene  from  acetylene  is  the  dimerization  of  the  latter 
into  vinylacetylene  with  the  subsequent  hydrogenation  of  the  latter  to  butadiene.  The  possibility,  in  principle, 
of  production  of  butadiene  by  the  catalytic  hydrogenation  of  vinylacetylene  was  first  established  by  S.V.  Lebe¬ 
dev  [1]  and  A.L.  Klebanskii  and  co-workers  [2].  Our  study  is  directed  to  the  detailed  study  of  the  process  of 
catalytic  hydrogenation  of  vinylacetylene  for  the  purpose  of  raising  the  selectivity  of  the  reaction.  In  addition, 
we  also  set  up  as  our  goal  the  theoretical  development  of  the  technological  basis  of  this  process  for  its  industrial 
realization. 

It  was  established  as  a  result  of  the  study  of  the  composition  of  the  products  of  the  reaction  cf  hydrogena¬ 
tion  of  vinylacetylene  in  solution  with  various  catalysts  that  the  most  selective  hydrogenation  occurs  in  the  pres¬ 
ence  of  a  palladium  catalyst.  The  catalysts  studied  by  us  may  be  arranged  in  the  following  descending  order  of 
selectivity  of  action:  palladium  catalysts,  Raney  iron,  Raney  nickel,  platinum  black.  The  special  selectivity 
of  hydrogenation  of  certain  acetylenic  compounds  in  the  presence  of  Raney  iron  catalyst  indicated  in  the  litera¬ 
ture  [3, 4]  was  not  confirmed  for  the  hydrogenation  of  vinylacetylene. 

Running  the  hydrogenation  of  vinylacetylene  in  gas  phase  over  a  palladium  catalyst  at  130*  failed  to  give 
the  desired  results.  As  in  the  work  of  previous  authors  [2,  5],  the  reaction  proceeded  unselectively  and, even  in 
the  first  stage  of  hydrogenation,  yielded  considerable  amounts  of  butylenes,  butane  and  liquid  polymerization 
products  of  vinylacetylene,  while  the  catalyst  rapidly  lost  its  activity.  Dilution  of  vinylacetylene  with  water 
vapor  failed  to  diminish  the  formation  of  the  by-products.  For  this  reason,  all  further  work  on  hydrogenation  of 
vinylacetylene  was  mn  by  us  in  a  glass  vessel,  capable  of  being  rocked,  in  the  presence  of  a  palladium  catalyst 
deposited  on  finely  divided  silica  gel.  In  the  initial  stage  of  the  process,  the  hydrogenation  proceeds  according 
to  the  reaction  kinetics  of  zero  order  with  respect  to  vinylacetylene  and  of  first  order  with  respect  to  hydrogen. 

In  the  kinetic  region  of  hydrogenation,  the  reaction  rate  is  directly  proportional  to  the  amount  of  the  catalyst 
and  does  not  depend  on  the  intensity  of  agitation  of  the  solution.  In  the  diffusional  region  of  the  reaction  with 
respect  to  hydrogen,  tlie  reaction  rate  is  directly  proportional  to  the  intensity  of  agitation  of  the  solution  and 
does  not  depend  on  the  amount  of  the  catalyst.  The  reaction  rate  in  both  the  kinetic  and  the  diffusional  regions 
of  hydrogenation  is  directly  proportional  to  the  partial  pressure  of  hydrogen.  The  apparent  activation  energy  of 
the  reaction  in  the  kinetic  region  is  equal  to  about  10,000  calories  per  gram -mole,  and  in  the  diffusional  region 
with  respect  to  hydrogen  —  about  5000  calories  per  gram -mole. 

According  to  the  literature  data,  during  the  hydrogenation  of  vinylacetylene  in  solution  in  the  presence  of 
a  palladium  catalyst  [1, 2,  5]  the  further  hydrogenation  of  butadiene  and  butylenes  takes  place  along  wltli  the 
predominant  addition  of  hydrogen  to  the  acetylenic  bond.  In  order  to  select  the  conditions  which  would  assure 
the  greatest  selectivity  of  the  process  and  which  facilitate  tlte  isolation  of  the  main  reaction  product  —  butadiene, 
in  pure  state,  we  carried  out  a  study  of  the  composition  of  the  products  formed  at  various  degrees  of  hydrogenation. 
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Some  data  on  the  composition  of  the  products  of  reaction  after  the  addition  of  one  or  more  gram -moles 
of  hydrogen  to  one  gram -mole  of  vinylacetylene  exist  in  the  studies  cited  in  the  literature.  For  this  reason,  we 
directed  our  principal  attention  to  the  study  of  the  composition  of  the  products  obtained  at  low  degree  of  hydro¬ 
genation.  It  was  established  that  in  the  initial  stage  of  the  process  and  up  to  about  30*70  degree  of  hydrogenation 
(calculated  on  tite  acetylenic  bond),  the  addition  of  hydrogen  occurs  mainly  at  the  triple  bond.  During  the  fur¬ 
ther  hydrogenation,  the  simultaneous  hydrogenation  of  tlie  resulting  butadiene  occurs  along  with  the  predominant 
addition  of  hydrogen  to  the  acetylenic  bond  and  the  reaction  products  form  a  multicomponent,  difficultly  separable 
hydrocarbon  mixture.  The  reaction  character  indicated  above  was  confirmed  by  hydrogenation  of  a  mixture  of 
vinylacetylene  and  butadiene.  The  butadiene  present  in  the  initial  mixture,  as  well  as  tliat  formed  in  the  course 
of  the  hydrogenation  process,  practically  does  not  react  until  its  total  concentration  in  the  solution  reaches  about 

30*7). 


It  was  shown  by  this  study  that  ethylacetylene  is  not  formed  in  the  hydrogenation  of  vinylacetylene  and  the 
data  cited  by  S.V.  Lebedev  about  the  absence  of  methyl-allene  in  the  reaction  products  [1]  have  been  confirmed. 
Thus,  It  is  possible  to  consider  as  proven,  on  the  basis  of  the  data  secured  by  us,  that  the  first  hydrogen  molecule 
adds  to  vinylacetylene  exclusively  in  1,2-position  (at  the  triple  bond)  with  formation  of  butadiene. 

EXPERIMENTAL 

The  technique  of  running  the  experiments  and  preparation  of  catalyst.  For  the  study  of  the  process  of  vinyl¬ 
acetylene  hydrogenation  we  used  the  apparatus  suggested  by  S.V.  Lebedev  [6]  in  a  simplified  form;  a  rocking 
vesseljconnected  to  two  burettes  for  pumping  air  from  the  system  and  for  supplying  the  hydrogen,  was  placed  in 
a  thermostat  in  which  the  desired  temperamre  was  maintained  with  accuracy  of  ±0.5*.  Into  the  vessel  we  placed 
1*70  aqueous  palladium -chloride  solution,  finely  divided  silica  gel  and  ethyl  alcohol  (95*7©  concentration).  After 
the  reduction  of  palladium  chloride  with  hydrogen,  the  predetermined  amount  of  vinylacetylene  was  charged  and 
its  hydrogenation  was  run.  Upon  completion  of  hydrogenation  the  solution  was  transferred  into  a  flask  containing 


Fig.  1.  Kinetic  curve  of  hydrogenation  of  vinylacetylene  in  presence  of 
palladium. 


a  saturated  sodium  -chloride  solution  and  connected  to  a  reflux  condenser.  The  desorption  was  run  by  heating 
the  solution  to  boiling.  The  liberated  gas  was  collected  in  a  gasometer.  Air  was  blown  through  the  solution, 
after  cessation  of  gas  evolution,  for  a  more  complete  isolation  of  the  reaction  products.  Hydrogenation  of  vinyl¬ 
acetylene  under  the  laboratory  conditions  was  run  with  hydrogen  obtained  by  the  action  of  20*7o  alkali  solution 
on  pure  aluminum.  The  vinylacetylene  was  used  after  having  been  freshly  redistilled  through  a  Podbielniak 
column. 

Analytical  methods.  The  reaction  products,  after  incomplete  hydrogenation  of  vinylacetylene,  are  a  com¬ 
plex  mixture  of  substances,  consisting  of  the  initial  vinylacetylene,  butadiene,  butylenes,  butane  and  hydrogen. 
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Fig.  2.  Dependence  of  the  hydrogenation 
rate  on  intensity  of  agitation. 
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Fig.  3.  Dependence  of  the  rate  of  hydro¬ 
genation  on  the  amount  of  the  catalyst: 

1)  number  of  rocking  cycles  of  vessel  per 
minute  -  60;  2)  number  of  rocking  cycles 
of  vessel  per  minute  —  300. 


The  most  accurate  among  the  tested  methods  for  the  deter¬ 
mination  of  vinylacetylene  (ammoniacal  solution  of  silver 
nitrate;  modified  Chevastelon  method  [7,  8])  was  the  method 
of  absorption  of  vinylacetylene  by  the  alkaline  solution  of 
mercury  cyanide.  After  the  absorption  of  vinylacetylene,  the 
total  amount  of  unsaturated  compounds  (butadiene  and  butyl¬ 
enes)  in  the  residual  gas  was  determined  by  their  absorption 
by  an  aqueous  solution  of  bromine.  Butane  and  hydrogen  were 
determined  by  combustion  over  cupric  oxide.  The  butadiene 
determination  was  run  on  a  separate  sample  of  the  gas, which 
had  been  first  freed  completely  of  vinylacetylene  (by  its  be¬ 
ing  absorbed  in  an  alkaline  solution  of  mercury  cyanide),  the 
analysis  being  performed  by  the  technique  adopted  by  the 
synthetic  rubber  industry  (bromination  of  the  gas  and  calcula¬ 
tion  of  the  butadiene  content  from  the  weight  of  the  resulting 
tetrabromide  [9]. 


in  solution  are  illustrated  on  Figs.  1-4.  It  is  evident  from  the 
data  given  in  Fig.  2,  that  with  the  rate  of  rocking  of  the  ap¬ 
paratus  vessel  at  more  tlian  300  cycles  per  minute  the  kinetic 
region  of  the  reaction  is  reached  and  the  reaction  rate  re¬ 
mains  constant.  With  the  number  of  the  rocking  cycles  of  the 
vessel  ranging  from  about  200-300  per  minute,  the  reaction 
occurs  in  the  diffusionally  kinetic  region.  At  greater  intensity 
of  agitation  (about  300  rocking  cycles  of  the  vessel  per  min) 
the  rectilinear  dependence  of  the  hydrogenation  rate  and  the 
amount  of  the  catalyst,  which  corresponds  to  the  kinetic  re¬ 
gion  of  hydrogenation  is  maintained  over  the  entire  interval 
of  alteration  of  the  amount  of  the  catalyst  studied  by  us  (Fig.  3). 
At  a  low  rate  of  agitation  (about  60  rocking  cycles  of  the 
vessel  per  minute),  the  rectilinear  relationship  between  the  » 
hydrogenation  rate  and  the  amount  of  the  catalyst  is  observed 
for  only  very  small  amounts  of  the  catalyst.  With  increase  of 
the  catalyst  amount  to  0.005  g,  the  reaction  rate  reaches  its 
limiting  maximum  value  and  die  hydrogenation  process  passes 
from  the  kinetic  region  to  the  diffusional  one.* 


Determination  of  ethylacetylene  and  methylallene  in  the  hydrogenation  products  of  vinylacetylene.  It  is 
possible  to  admit  the  formation  of  ethylacetylene  by  the  addition  of  hydrogen  to  the  double  bond  in  the  process 
of  vinylacetylene  hydrogenation  and  that  of  methylallene  if  die  addition  of  hydrogen  occurs  in  1,4 -position. 
Ethylacetylene,  in  case  of  its  presence  among  the  reaction  products,  should  be  determinable  along  with  vinyl¬ 
acetylene  during  the  absorption  with  alkaline  solution  of  mercury  cyanide,  while  methylallene  should  be  deter¬ 
mined  along  with  butadiene  as  the  corresponding  bromides.  For  analysis  of  ethylacetylene  and  methylallene  we 
used  the  method  of  determination  of  hydrogen  numbers  of  the  products  of  partial  hydrogenation  of  vinylacetylene 
of  known  composition.  The  determination  of  the  hydrogen  numbers  was  run  by  hydrogenation  in  the  presence  of 
platinum  in  alcoholic  solution.  For  the  determination  of  ethylacetylene,  the  acetylenic  compounds  were  first 
isolated  from  the  products  of  partial  hydrogenation  of  vinylacetylene  by  their  being  absorbed  in  an  ammoniacal 
silver-nitrate  solution.  The  silver  derivatives  were  then  decomposed  with  IQPjo  hydrochloric-acid  solution.  Part 
of  the  resulting  product  was  analyzed  for  the  content  of  acetylenic  compounds  by  means  of  an  alkaline  solution 
of  mercury  cyanide.  The  other  part  of  the  sample  was  exhaustively  hydrogenated  in  die  presence  of  a  platinum 
catalyst  and  die  presence  of  ethylacetylene  could  be  judged  by  the  consumption  of  hydrogen.  The  products  of 


•A  more  detailed  account  of  the  kinetic  regularities  of  vinylacetylene  hydrogenation  in  solution  will  be  pre 
sented  in  another  paper. 
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TABLE  1 

Hydrogenation  of  Vinylacetylene  in  the  Presence  of  Palladium  Deposited  on  Silica  Gel 


Duration  of 
hydrogena  - 
tion  (min) 

«  0O.S 
c 

Comp,  of  reaction  products 
(in  volume  *7>) 

I  osses 

Comp,  of  reaction  products,  with 
loss  accounting  (volume  ‘^) 

vinyl- 

acetylene 

buta¬ 

diene 

butyl¬ 

enes 

butane 

vinyl- 

acetylene 

buta¬ 

diene 

butyl¬ 

enes 

butane 

25 

31.4 

60.7 

26.0 

None 

None 

13.3 

68.6 

31.4 

None 

None 

30 

39.8 

57.1 

37.5 

» 

» 

5.4 

60.2 

39.8 

» 

40 

57.4 

46.2 

40.2 

6.7 

» 

6.9 

49.6 

43.0 

7.4 

» 

45 

(K).3 

44.1 

37.9 

8.6 

» 

9.4 

49.1 

41.5 

9.4 

» 

50 

(53.0 

43.9 

43.0 

8.1 

» 

5.0 

45.9 

45.2 

8.9 

» 

70 

73.5 

37.4 

40.6 

13.6 

» 

8.4 

41.2 

44.2 

14.7 

» 

1(K) 

115.9 

10.6 

58.0 

25.8 

» 

5.6 

11.4 

61.3 

27.3 

» 

iiO 

126.3 

7.1 

53.5 

31.6 

» 

7.8 

7.7 

58.3 

34.0 

> 

120 

147.1 

3.4 

50.1 

45.0 

1.3 

0.2 

3.4 

50.2 

45.1 

1.3 

1.50 

162.2 

3.5 

31.7 

58.5 

2.5 

3.8 

3.5 

33.2 

(K1.8 

2.5 

200 

206.0 

Traces 

Traces 

88.1 

5.6 

6.3 

None 

None 

94.0 

6.0 

220 

212.5 

None 

» 

81.9 

11.6 

6.5 

» 

» 

87.5 

12.5 

290 

218.0 

» 

» 

75.6 

16.4 

8.0 

» 

» 

82.0 

18.0 

360 

292.1 

» 

» 

7.7 

90.8 

1.5 

» 

» 

7.9 

92.1 

partial  hydrogenation  of  vinylacetylene  indicated  the  absence  of  any  ethylacetylene  since  the  consumption  of 
hydrogen  corresponded  exactly  to  the  content  of  vinylacetylene.  The  products  of  partial  hydrogenation  of  vinyl¬ 
acetylene  were  also  used  for  the  estimation  of  methylallene.  After  the  separation  of  the  acetylenic  compcninds 
with  ammoniacal  silver -nitrate  solution  in  one  gas  sample,  the  butadiene  content  and  the  butylene  content  were 
determined  by  the  bromination  method.  Butadiene  was  isolated  in  the  form  of  its  crystalline  tetrabromide  with 
m.p.  117“  (m.p,  of  methylallene  tetrabromide  is  2*).  Methylallene  tetrabromide  distills  along  with  the  bromides 
of  the  butylenes.  Another  part  of  the  sample  was  hydrogenated  over  platinum.  The  hydrogen  consumption  cor¬ 
responded  precisely  to  die  calculated  amount  of  butadiene  and  butylenes  from  the  analytical  data.  The  hydrogen 
numbers  should  have  been  higher  in  the  presence  of  noticeable  amounts  of  methylallene.  Thus,  the  first  molecule 
of  hydrogen  adds  only  to  the  triple  bond  of  vinylacetylene  at  1,2 -position,  with  formation  of  butadiene. 


TABLE  2 

Hydrogenation  of  Vinylacetylene  in  a  Mixture  with  Butadiene 


Composition  of 
initial  mixmre 

Duration  of 
hydrogenation 
(in  min) 

Composition  of  reaction  products 
(in  volume  *7o) 

vinyl¬ 

acetylene 

butadiene 

vinyl¬ 

acetylene 

butadiene 

butylenes 

90 

10 

20 

69.4 

29.3 

None 

90 

10 

20 

61.7 

35.9 

•t 

90 

10 

25 

59.3 

37.0 

3.1 

90 

10 

35 

36.3 

42.1 

11.7 

83 

17 

15 

56.6 

37.2 

2.1 

67 

33 

1 

15 

58.0 

38.1 

2.1 

Composition  of  reaction  products  depending  on  the  degree  of  hydrogenation.  The  experiments  were  run  in 
the  rocking  vessel  at  0®  with  about  300  rocking  cycles  of  the  apparatus  per  minute.  0.009  g  of  palladium  (1.8  g 
of  1%  aqueous  palladium -chloride  solution)  was  taken  for  each  experiment  along  with  1  g  of  finely  divided  silica 
gel,  35  ml  of  95*70  ethyl  alcohol  and  300-400  ml  of  gaseous  vinylacetylene  (about  0.75-1.0  g).  The  process  was 
interrupted  in  each  experiment  after  the  absorption  of  a  predetermined  amount  of  hydrogen,  in  order  to  obtain 
the  data  few  various  degrees  of  the  hydrogenation.  The  reaction  products,  isolated  from  tlie  alcoholic  solution, 
were  analyzed  for  the  content  of  vinylacetylene,  butadiene,  butylenes  and  butane.  The  results  of  the  experiments 
are  given  in  Table  1.  According  to  the  notation  adopted  by  us,  the  addition  of  one  molecule  of  hydrogen  to  one 
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molecule  of  vinylacetylene  corresponds  to  100*70  degree  of  hydrogenation.  Losses  of  reaction  products,  by  ma¬ 
terial  balance,  ran  from  A°Jo  to  8^0  in  most  of  the  experiments. 

The  data  in  Table  1  are  shown  in  Fig.  4  in  the  form  of  curves  of  change  of  vinylacetylene,  butadiene, 
butylene  and  butane  concentration  during  the  hydrogenation  process  depending  on  the  degree  of  conversion.  The 
degree  of  conversion  was  calculated  from  the  analysis  of  reaction  products  (with  accounting  for  the  losses).  It  is 
clear  from  the  data  in  Fig.  4  that  the  maximum  concentration  of  butadiene  in  the  gas  (50-60^o)  is  reached  at  the 
addition  of  about  1  mole  of  hydrogen  per  one  mole  of  vinylacetylene,  while  the  content  of  vinylacetylene,  as 
well  as  of  butylenes,  in  the  gas  was  20-25*70  of  each  of  these.  The  maximum  yield  of  butadiene,  based  on  the 
consumed  vinylacetylene,  may  be  attained  at  die  degree  of  hydrogenation  up  to  30*70;  here,  the  reaction  gas  (the 
hydrogen  not  being  considered)  would  consist  of  butadiene  (up  to  30*7o),  original  vinylacetylene  (7(y7o),  and  possibly 
small  amounts  of  butylenes.  The  separation  of  butadiene  from  vinylacetylene,  as  shown  by  us,  may  be  attained 
by  die  usual  fractionation. 

The  data  in  Table  2  Indicate  that  the  butadiene  contained  in  the  original  mixture,  as  well  as  that  formed 
in  the  hydrogenation  process,  practically  does  not  enter  the  reaction  until  its  total  concentration  in  the  solution 
reaches  about  30-35*7o. 


Degree  of  hydrogenation  (in  *7o) 


Fig.  4.  Composition  of  products  of  hydrogenation  of  vinylacetylene  in  the  presence  of 
palladium  deposited  on  silica  gel,  depending  on  the  degree  of  hydrogenation:  1)  vinyl¬ 
acetylene;  2)  butadiene;  3)  butylenes;  4)  butane. 


The  characteristic  changes  in  the  kinetic  curve  may  be  explained  by  the  comparison  of  Fig.  4  and  the 
kinetic  hydrogenation  curve  for  vinylacetylene  in  Fig.  1.  The  transition  from  the  horizontal  region  to  the  as¬ 
cending  branch  of  the  kinetic  curve  corresponds  to  the  maximum  butadiene  content  in  the  reaction  mixture,  i.e., 
to  the  instant  at  which  the  hydrogenation  of  butadiene  begins  to  predominate  noticeably  over  the  hydrogenation 
of  vinylacetylene.  The  region  of  maximum  rate  on  the  kinetic  curve  corresponds  to  the  hydrogenation  of  essen¬ 
tially  butadiene.  The  maximum  on  the  kinetic  curve  corresponds  to  the  degree  of  hydrogenation  of  160-170*7o. 
This  degree  of  hydrogenation  corresponds,  according  to  the  graph,  to  the  following  composition  of  reaction 
products:  butadiene  about  35*70,  vinylacetylene  traces,  butylenes  about  65*7o  and  butane  traces.  The  descending 
branch  of  the  kinetic  curve  corresponds  to  hydrogenation  of  butylenes.  The  {voximate  composition  of  the  butyl¬ 
enes  formed  in  the  hydrogenation  process  may  be  determined  by  the  S.V.  Lebedev  rule.  The  relative  content  of 
0 -butylene  is  determined  as  30-35*7o  from  the  second  portion  of  the  descending  branch  of  the  curve  which  corres¬ 
ponds  to  hydrogenation  of  this  olefin. 
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SUMMARY 

1.  The  possibility  of  selective  hydrogenation  of  vlnylacetylene  over  palladium  catalyst  in  ethyl-alcohol 
solution  wldi  a  low  degree  of  hydrogenation  (up  to  30^)  with  formation  of  practically  solely  butadiene  has  been 
demonstrated. 

2.  The  basic  kinetic  rules  of  hydrogenation  of  vlnylacetylene  in  solution  in  the  presence  of  a  palladium 
catalyst  were  studied. 
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CATALYTIC  HYDROGENATION  OF  VINYLAC  ETYLENE 
FOR  THE  PREPARATION  OF  BUTADIENE 

II.  EFFECT  OF  VARIOUS  FACTORS  ON  THE  RATE  AND  THE  SELECTIVITY 
OF  HYDROGENATION  OF  VINYLACETYLENE 

I.V.  Garmonov,  A.L.  Klebanskii  and  K.K.  Chevychalova 
All-Union  Synthetic-Rubber  Research  Institute 

It  was  shown  In  the  [wevious  paper  [1]  that, during  hydrogenation  of  vinylacetylene  in  ethyl-alcohol  solution 
in  the  presence  of  palladium  catalyst,  the  addition  of  hydrogen  in  the  initial  stage  of  the  process,  up  to  30-35*70 
degree  of  hydrogenation  (calculated  on  the  acetylenic  bond),  takes  place  [Kaotically  exclusively  at  the  triple 
bond  with  formation  of  butadiene. 

In  the  present  paper  we  present  some  data  on  the  effect  of  the  nature  of  the  catalyst  support  and  solvent, 
reaction  temperature  and  intensity  of  stirring  of  the  solution  on  the  rate  and  the  selectivity  of  the  hydrogenation 
reaction  of  vinylacetylene. 

In  order  to  study  die  effect  of  conditions  of  the  preparation  of  the  catalyst  and  the  character  of  the  support 
on  the  rate  and  the  selectivity  of  hydrogenation  of  vinylacetylene,  we  ran  some  studies  with  palladium  precipi¬ 
tated  on  silica  gel,  barium  sulfate  and,  as  well,  on  polyvinyl  alcohol.  It  was  found  that  the  alteration  of  the 
conditions  of  preparation  of  the  catalyst  and  the  character  of  the  support  affects  the  reaction  rate  but  does  not 
noticeably  affect  the  selectivity  of  hydrogenation.  The  data  obtained  by  us  agree  completely  with  the  known 
studies  of  this  problem  [2]. 

The  effect  of  the  nature  of  the  solvent  on  the  rate  of  hydrogenation  of  acetylenic  compounds  in  the  pres¬ 
ence  of  a  palladium  catalyst  has  been  also  noted  in  the  literature  [2, 3].  This  effect  is  determined  by  the  rela¬ 
tive  abilities  of  the  solvents  to  be  adsorbed  by  the  catalyst  as  well  as  by  the  different  solubilities  of  the  substance 
being  hydrogenated  and  of  the  hydrogen  in  them.  It  was  proved  by  the  studies  run  by  us  that  hydrogenation  of 
vinylacetylene  proceeds  at  different  rates  in  different  solvents  but  with  the  same  selectivity.  Data  on  hydrogena  - 
tion  of  vinylacetylene  at  different  temperatures  (from  —16“  to  +20“)  showed  a  slight  improvement  of  selectivity 
of  the  process  with  elevation  of  temperature.  The  established  noticeable  influence  of  intensity  of  stirring  on 
reaction  selectivity  may  be  noted.  In  experiments  run  without  stirring  or  with  a  very  low  stirring  intensity  (about 
60  rocking  cycles  of  the  apparatus  per  minute),  which  correspond  to  the  diffusional  region  of  hydrogenation,  the 
reaction  proceeded  unselectively.  Even  in  the  early  stage  of  the  process  at  hydrogenation  level  of  30*70,  approx¬ 
imately  equal  amounts  of  butadiene  and  butylenes  were  present  in  the  reaction  products.  Hydrogenation  of  vinyl¬ 
acetylene  in  the  kinetic  region  (about  500  rocking  cycles  of  the  apparatus  per  minute)  and  in  the  diffusional  re¬ 
gion  relative  to  hydrogen  only  (about  200-300  cycles  per  minute)  proceeds  with  the  same  selectivity. 

The  established  character  of  hydrogenation  of  vinylacetylene  in  solution  in  the  presence  of  a  palladium 
catalyst,  as  well  as  the  relationship  found  between  the  selectivity  of  the  process  and  the  intensity  of  stirring  of 
the  solution,  find  a  good  explanation  from  the  point  of  view  of  the  adsorptional  theory  of  catalytic  hydrogena¬ 
tion  [4]. 

The  effect  of  the  pH  of  the  medium  on  the  rate  and  the  selectivity  of  the  reaction  was  established  with  the 
study  of  the  process  of  hydrogenation  of  vinylacetylene.  The  reaction  fxoceeds  at  a  greater  rate  in  alcoholic  so¬ 
lution  with  pH  over  7,  but  this  occurs  with  lower  degree  of  selectivity  than  in  acid  or  neutral  medium. 
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An  indication  is  found  in  the  literature  [5]  that  acetylenic  compounds  are  less  sensitive  to  tlie  action  of 
some  inhibitors  than  are  the  corresponding  ethylenic  compounds.  One  might  expect  an  improved  selectivity  of 
tlie  process  in  the  case  of  application  of  inhibiting  substances  which  repress  the  secondary  reaction  to  a  greater 
degree  than  the  first  reaction  in  hydrogenation  of  vlnylacetylene.  However,  during  hydrogenation  in  the  presence 
of  hydrogen  sulfide,  as  well  as  mercury  and  copper  acetates,  it  was  shown  ttiat  even  insignificant  amounts  of 
these  substances  poison  the  catalyst  and  greatly  retard  the  reaction.  The  hydrogenation  of  vlnylacetylene  in  the 
presence  of  these  substances  also  jxroceeds  less  selectively;  here  the  selectivity  drops  to  a  greater  degree  when 
the  content  of  the  inhibiting  substances  in  solution  is  greater. 

EXPERIMENTAL 

In  order  to  clarify  the  effect  of  the  nature  of  the  support  on  the  rate  and  the  selectivity  of  hydrogenation 
of  vlnylacetylene  we  ran  a  study  with  palladium  precipitated  on  barium  sulfate  as  well  as  on  polyvinyl  alcohol. 
The  other  conditions  were  the  same  as  in  running  the  experiments  with  palladium  precipitated  on  silica  gel  [1]. 
The  resulting  data  indicate  the  total  analogy  of  the  process  of  hydrogenation  of  vlnylacetylene  in  all  three  cases. 
At  the  degree  of  hydrogenation  up  to  ^(fjo  the  addition  of  hydrogen  proceeds  practically  solely  at  the  acetylenic 
bond.  Quite  similarly  proceeds  the  change  of  concentration  of  vlnylacetylene,  butadiene  and  butylenes  depend¬ 
ing  on  the  degree  of  hydrogenation.  Only  the  rate  of 
hydrogenation  is  notably  different,  which  is  somewhat 
lower  with  palladium  on  barium  sulfate  and  somewhat 
higher  with  palladium  on  polyvinyl  alcohol,  than  with 
the  catalyst  precipitated  on  silica  gel.  The  data 
about  the  reaction  product  composition  after  hydrogen¬ 
ation  of  vlnylacetylene  in  the  presence  of  palladium 
deposited  on  barium  sulfate  are  shown  in  the  figure. 
Similar  data  were  obtained  also  with  palladium  on 
polyvinyl  alcohol. 

In  order  to  clarify  the  effect  of  the  nature  of 
the  support  on  the  process  of  hydrogenation  of  vinyl - 
acetylene,  we  tested  the  following  solvents;  ethyl  al¬ 
cohol,  acetic  acid,  dioxane,  methylcyclohexane, 
ethyl  acetate,  benzene,  ethylbenzene,  and  xylene. 

The  reaction  was  run  at  0*.  0.009  g  of  palladium  pre¬ 
cipitated  on  1  g  of  silica  gel,  20  ml  of  solvent  and 
300-350  ml  of  gaseous  vlnylacetylene  were  taken  for 
each  experiment.  The  hydrogenation  of  vlnylacetylene 
in  the  presence  of  ethylbenzene  and  xylene  was  run 
by  the  continuous  method  in  an  apparatus  with  a  stirrer 
(Table  2). 

It  is  evident  from  the  data  cited  in  Tables  1 
and  2  that  no  principal  difference  is  observed  in  the 
selectivity  of  the  process.  However,  the  use  of  different  solvents  is  notably  reflected  in  the  hydrogenation  rate. 
The  reaction  rate  is  approximately  three  times  greater  in  the  presence  of  ethylbenzene  and  xylene  than  with 
ethyl  alcohol.  The  reaction  rate  declines  by  a  factor  of  four  in  the  presence  of  acetic  acid  and  dioxane.  The 
reaction  proceeds  most  slowly  in  benzene  solution,  which  may  be  explained  by  the  possible  presence  of  impuri¬ 
ties  (thiophene)  in  the  benzene. 

Hydrogenation  of  vlnylacetylene  with  different  intensities  of  stirring  of  the  reaction  mixture.  In  order  to 
study  the  change  of  selectivity  of  hydrogenation  of  vlnylacetylene  during  transition  from  the  kinetic  to  the  dif- 
fusional  region,  we  determined  the  composition  of  the  reaction  products  at  various  intensities  of  stirring  (500, 

300,  200  and  60  rocking  cycles  of  the  apparatus  per  minute)  as  well  as  without  stirring  of  the  solution.  The  de¬ 
gree  of  hydrogenation  for  all  experiments  was  within  the  limits  of  30-65*^0.  0.009  g  of  palladium,  1  g  of  silica 
gel,  35  ml  of  alcohol  and  300-400  ml  of  vlnylacetylene  were  used  for  each  experiment.  The  experiments  were 
run  at  0*. 


Composition  of  products  of  hydrogenation  of  vinyl - 
acetylene  in  the  presence  of  palladium  precipi¬ 
tated  on  barium  sulfate  depending  on  the  degree  of 
hydrogenation:  1)  vlnylacetylene;  2)  butadiene; 

3)  butylenes. 
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TABLE  1 


Hydrogenation  of  VInylacetylene  In  Various  Solvents 


Name  of 
solvent 

Duration  of 
hydrogena  - 
tion  (min) 

Degree  of 
hydrogena - 
tion  (^o) 

Compositic 

(i 

vinyl¬ 

acetylene 

)n  of  reaction 
n  volume  °lo) 

butadiene 

i  products 

1  butylenes 

Ethyl  alcohol 

( 

SO 

31.4 

68.0 

3i.4 

None 

145 

31.8 

69.0 

31.0 

None 

Acetic  aeid  < 

180 

02.3 

47.2 

43.3 

9.5 

1 

230 

04.2 

26.1 

53.6 

20.3 

Dioxane  | 

150 

31.6 

68.4 

31.6 

None 

1()0 

47.5 

59.8 

32.9 

7.3 

( 

50 

25.0 

75.0 

25.0 

None 

Methylcyclohexane| 

85 

32.5 

67.5 

32.5 

None 

105 

49.5 

54.3 

41.9 

3.8 

1 

30 

20.5 

79.5 

20.5 

None 

Ethyl  acetate  | 

30 

27.3 

72.7 

27.3 

None 

35 

31.0 

69.0 

31.0 

None 

1 

fiO 

86.5 

34.0 

45.5 

20.5 

Benzene  | 

270 

49.4 

56.0 

38.6 

5.4 

315 

67.8 

46.1 

40.0 

13.9 

TABLE  2 

Hydrogenation  of  Vinylacetylene  in  the  Presence  of  Ethylbenzene  and  Xylene 


Name  of 
solvent 

Ethyl  alcohol 
Xylene 

Ethylbenzene 


Ratio  of 
hydrogen  to 
vinyl¬ 
acetylene 

Feed  rate 
of  gaseous 
mixture 
(liters  per 
hr  per  liter 
of  catalyst) 

Degree 
of  hydro¬ 
genation 
(^0) 

Composition  of  reaction 
products  (in  volume  *7o) 

vinyl¬ 

acetylene 

buta¬ 

diene 

butylenes 

0.9  :  1 

32 

29.9 

70.7 

28.7 

0.6 

0.9  :  1 

.50 

61.6 

46.9 

42.2 

9.7 

0.9  :  1 

86 

51.0 

54.2 

36.4 

7.3 

0.9  :  1 

93 

45.4 

58.2 

35.3 

5.1 

1.1  :  1 

91 

51.0 

52.5 

40.0 

5.5 

1.1  :  1 

56 

83.3 

24.7 

56.7 

13.3 

l.l  :  1 

58 

70.6 

36.6 

51.4 

9.6 

TABLE  3 


Hydrogenation  of  Vinylacetylene  with  Various  Intensities  of  Stirring  of  the  Solution 


Duration  of 
hydrogena  - 
tion  (min) 

No.  of  rocking  cy¬ 
cles  of  apparatus 
(per  min) 

Degree  of 
hyAogen- 
ation(‘7o) 

Composition  of  reaction  products 
(in  volume  ^o) 

vinyl¬ 

acetylene 

buta¬ 

diene 

butyl¬ 

enes 

losses,  from 
material 
balance  (®/o) 

30 

200 

37.0 

62.0 

.36.5 

None 

1.5 

29 

300 

32.1 

(;7.t 

31.7 

None 

1.2 

20 

.500 

33.7 

6.5.1 

33.1 

None 

1.8 

20 

5(H) 

37.2 

60.0 

35.4 

None 

4.6 

40 

60 

41.6 

64.6 

24.3 

7.9 

3.2 

45 

60 

42.0 

62.2 

27.5 

6.4 

3.3 

55 

60 

68.0 

47.6 

37.3 

13.6 

4.5 

58 

60 

68.2 

47.0 

37.3 

14.3 

1.4 

410 

Without  stirring 

32.0 

75.5 

8.2 

10.9 

5.4 

630 

The  same 

33.6 

77.5 

10.8 

11.4 

0.3 
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TABLE  4 

Hydrogenation  of  Vinylacetylene  at  Various  Values  of  pH  of  Alcoholic  Solution 


Duration  of 

Degree  of 

Icomp.  of  reaction  products  1 

pH  of 

(volume  *7o) 

hydrogena- 

hydrogena- 

Remarks 

solution 

vinyl- 

buta- 

butyl- 

tion  (min) 

tion  (*7o) 

acetylene 

diene 

enes 

1.4 

30 

.34.4 

65.6 

.34.4 

None 

. 

5.0 

30 

34.6 

65.4 

34.(i 

None 

S.O 

25 

45.8 

66.8 

20.6 

12.6 

Palladium  on 

10.0 

20 

45.7 

66.2 

21.9 

11.9 

silica  gel 

12.5 

20 

46.6 

65.2 

22.4 

12.1 

14.0 

15 

4.3.1 

68.2 

20.5 

11.3 

7.5 

12.5 

14.0 

80 

65 

65 

.31.8 

3'i.1 

45.7 

68.2 

71.2 

69.0 

31.8 

23.5 

16.3 

None 

5.3 

14.7 

1  Palladium  on 

1  barium  sulfate 

1.4 

240 

28.4 

71.6 

28.4 

None 

1 

1  Palladium  with- 

14.0 

*M) 

43.6 

69.5 

17.4 

13.1 

1 

1  out  support 

TABLE  5 

Hydrogenation  of  Vinylacetylene  in  the  Presence  of  Substances  Which  Retard  the  Reaction 


Name  of 
substance 

Amt  of  sub¬ 
stance  (in  ‘Tp 
relative  to 
palladium) 

Duration 
of  expt. 
(min) 

Comp,  of 
(vo 

vinyl¬ 

acetylene 

reaction  products 
ilume  *7o) 

buta-  1  butyl - 

diene  j  enes 

Losses, 
from  ma¬ 
terial 

balance  (*7o) 

Without  addend 

_ 

110 

55.2 

37.1 

5.5 

2.2 

Mercury  acetate  1 

3.2  •  lO-* 

220 

59.1 

31.5 

6.9 

2.5 

\ 

3.2  ■  iir-J 

255 

63.6 

21.5 

9.7 

5.2 

Copper  acetate  f 

0.2  •  10-^ 

135 

51.5 

33.8 

11.9 

3.1 

\ 

2.5  •  10-1 

600 

73.2 

22 

.7 

4.1* 

i 

2.7  •  10-10 

335 

54.0 

26.1 

1  9.5 

10.4 

Hydrogen  sulfide  1 

2.7  .  10--> 

765 

77.1 

21.3 

1.6* 

It  is  evident  from  the  data  in  Table  3  that  the  selectivity  of  the  process  remained  the  same  with  alteration 
of  the  intensity  of  stirring  within  the  limits  of  200-500  rocking  cycles  of  the  apparatus  per  minute.  With  the  de¬ 
gree  of  hydrogenation  being  30-35*70,  the  formation  of  practically  only  butadiene  occurs.  In  experiments  without 
stirring,  the  reaction  proceeded  unselectively.  At  30*70  degree  of  hydrogenation,  the  reaction  products  contained 
equal  amounts  of  butadiene  and  butylenes;  8.2  and  10.9*7o,  respectively,  in  one  experiment  and  10.8  and  11.4*7o 
in  another.  The  selectivity  of  hydrogenation  in  experiments  run  with  60  rocking  cycles  per  minute  was  inter¬ 
mediate  between  the  results  of  experiments  with  greater  intensity  of  stirring  and  those  without  stirring.  Thus, 
with  40*^  degree  of  hydrogenation,  the  concentration  of  butylenes  in  the  reaction  products  reached  6-7*7o  with  the 
butadiene  concentration  of  but  only  about  25*7o.  The  hydrogenation  in  this  case  proceeded  in  the  diffusional  re¬ 
gion  not  only  in  respect  to  hydrogen  but  also  in  respect  to  the  unsaturated  compounds. 

Effect  of  pH  of  the  medium  on  the  rate  and  the  selectivity  of  hydrogenation  of  vinylacetylene.  Hydro¬ 
chloric  acid  is  evolved  during  the  reduction  of  palladium  chloride  and  this  causes  an  acidic  reaction  of  the  al¬ 
coholic  solution  with  pH  value  being  1.4.  Neutralization  of  the  acid  does  not  occur  in  hydrogenation  of  vinyl¬ 
acetylene  in  the  presence  of  palladium  precipitated  on  silica  gel  and  the  acidic  reaction  remained  throughout 
the  entire  hydrogenation  process.  Hydrogenation  of  vinylacetylene  in  the  presence  of  palladium  precipitated  on 
barium  sulfate  was  run  in  a  neutral  medium.  It  was  shown  by  analyses  that  the  pH  of  the  solution  was  not  altered 
during  the  hydrogenation  jwocess.  Hydrogenation  of  vinylacetylene  with  palladium  catalyst  in  acidic  or  neutral 
medium  did  not  differ  in  selectivity  as  shown  by  special  experiments.  In  addition  to  this,  we  clarified  the  effect 
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of  pH  of  the  medium  (over  a  wider  range  of  its  values)  on  tlie  rate  and  the  selectivity  of  hydrogenation.  Various 
amounts  of  sodium  hydroxide  were  added  to  the  alcoholic  solution  obtained  after  tiie  reduction  of  the  catalyst 
until  transitional  values  of  pH  from  1.4  to  14.0  were  obtained.  The  experiments  were  run  up  to  the  degree  of 
conversion  of  35-45'7o  at  0*  with  300  rocking  cycles  of  the  apparatus  per  minute. 

It  is  evident  from  the  data  in  Table  4  that  the  rate  increased  notably  and  the  reaction  selectivity  deteriorated 
at  the  same  time  with  transition  from  an  acidic  medium  to  the  alkaline  medium.  While  tiie  degree  of  hydrogena¬ 
tion  of  30-35%  was  reached  in  30  minutes  in  an  acidic  medium,  the  degree  of  hydrogenation  of  40-45%  was 
reached  in  but  15-20  minutes  in  an  alkaline  medium.  Here,  in  the  acidic  medium  at  34%  degree  of  hydrogena¬ 
tion,  no  butylenes  were  detected,  while  in  an  alkaline  medium,  under  the  same  conditions,  the  concentration  of 
butylenes  reached  10-12%  witfi  butadiene  content  of  about  20%.  Similar  results  in  an  alkaline  medium  were  ob¬ 
tained  also  with  palladium  without  a  support  and  with  palladium  precipitated  on  barium  sulfate. 

The  effect  of  the  pH  of  the  medium  on  the  rate  and  the  selectivity  of  hydrogenation  of  vinylacetylene 
may  be  explained  by  a  decrease  of  selectivity  of  adsorption  of  vinylacetylene  molecules  in  comparison  with  those 
of  butadiene  on  the  catalyst  surface  under  the  influence  of  hydroxide  ions  or  by  alteration  of  the  character  of  in¬ 
termediate  compounds  formed  on  the  catalyst  surface. 

Hydrogenation  of  vinylacetylene  in  the  (xresence  of  substances  which  retard  the  reaction.  Data  on  hydro¬ 
genation  of  vinylacetylene  in  the  presence  of  some  inhibiting  substances  (mercury  and  copper  acetates,  hydrogen 
sulfide)  are  given  in  Table  5.  These  substances  were  introduced  into  the  catalyst  suspension  in  the  form  of  dilute 
aqueous  solutions  after  the  reduction  of  the  catalyst.  All  the  substances  worsened  the  selectivity  of  hydrogenation 
of  vinylacetylene,  even  if  present  in  insignificant  amounts,  and  greatly  retarded  the  reaction  rate. 

SUMMARY 

1.  The  effect  of  the  nature  of  the  support  and  the  solvent,  the  reaction  temperature,  the  intensity  of  stirring 
of  tlie  solution  and  the  pH  of  the  medium  were  studied  in  connection  with  the  rate  and  the  selectivity  of  the  re¬ 
action  of  hydrogenation  of  vinylacetylene  in  the  presence  of  a  palladium  catalyst. 

2.  Tlie  intensity  of  stirring  of  the  solution  and  the  pH  of  the  medium  provided  noticeable  effect  on  the 
selectivity  of  the  reaction,  among  all  tlie  otlier  factors  studied.  The  reaction  proceeded  unselectively  at  low 
stirring  intensity.  The  reaction  proceeded  with  a  greater  rate  with  lesser  selectivity  in  alcoholic  solution  at  pH 
value  of  over  7  than  It  did  in  acidic  and  neutral  media. 
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CATALYTIC  HYDROGENATION  OF  VIN  YL  A  C  E  T  Y  L  EN  E 
FOR  PREPARATION  OF  BUTADIENE 

III.  HYDROGENATION  OF  VINYLACETYLENE  BY  A  CONTINUOUS  METHOD 

I.V.  Garmonov,  A.L.  Klebanskll  and  K.K.  Chevycha lova 
All-Union  Synthetic -Rubber  Research  Institute 


In  the  previous  papers  [1]  we  have  shown  the  possibility  of  selective  hydrogenation  of  vinylacetylene  in 
the  presence  of  a  palladium  catalyst  to  the  degree  of  30-35*^  calculated  on  the  acetylenic  bond  with  90-95*^4) 
yield  of  butadiene  calculated  on  the  reacted  vinylacetylene.  The  fundamental  kinetic  mles  of  selective  hydro¬ 
genation  of  vinylacetylene  in  solution  and  the  effect  of  various  factors  on  the  rate  and  the  selectivity  of  the  re¬ 
action  were  studied. 

We  made  a  study  of  hydrogenation  of  vinylacetylene  in  solution  by  a  continuous  method,  with  the  aim  of 
.  development  of  a  technological  process  of  hydrogenation  of  vinylacetylene  and  also  for  the  check  of  the  possible 
duration  of  workability  of  the  catalyst  without  regeneration. 

Vinylacetylene  and  hydrogen  were  passed  in  gaseous  state  through  an  alcoholic  solution  or  that  of  some 
other  solvent  in  which  palladium  on  its  support  was  present  in  a  suspended  state,  with  intensive  stirring.  The 
degree  of  hydrogenation  of  vinylacetylene  with  a  continuous  running  of  the  process  was  determined  by  the  pro¬ 
portion  of  hydrogen  and  vinylacetylene  and  also  by  the  feed  rate  of  the  gaseous  mixture.  Under  the  condition 
of  uniform  distribution  of  vinylacetylene  and  hydrogen  (intensive  stirring)  and  with  a  definite  proportion  of  hy¬ 
drogen  and  vinylacetylene  and  witii  a  definite  rate  of  passage  of  the  gaseous  mixture,  the  reaction  products  con¬ 
sisted  practically  of  butadiene  (up  to  30*^)  and  unreacted  vinylacetylene  only  (hydrogen  being  disregarded).  A 
prolonged  testing  of  the  catalyst  was  run  under  the  laboratory  conditions  for  declining  activity.  The  catalyst 
failed  to  lose  its  activity  after  90  hours  of  continuous  hydrogenation. 

The  laboratory  data  on  the  continuous  hydrogenation  of  vinylacetylene  were  checked  in  a  model  installa¬ 
tion  with  an  iron  apparatus  with  2-liter  capacity,  provided  with  a  stirrer.  At  1;1  ratio  of  hydrogen  and  vinyl¬ 
acetylene  and  the  feed  rate  of  the  gaseous  mixture  of  20  liters  per  hour  per  liter  of  solution,  containing  0.6  g  of 
palladium  on  240  g  of  silica  gel,  the  reaction  products  consisted  of  22-25*70  butadiene,  1-2*70  butylenes  and  75-78*7) 
unreacted  vinylacetylene  (hydrogen  being  disregarded).  The  possibility  of  continuous  operation  of  the  catalyst 
for  200  hours  without  a  noticeable  drop  of  activity  or  selectivity  was  shown. 

Commercial  hydrogen,  obtained  by  the  iron -steam  method,  turned  out  to  be  unsuitable  for  hydrogenation 
of  vinylacetylene.  The  insignificant  amounts  of  admixtures  of  carbon  monoxide  and  sulfur  compounds  present 
in  it  completely  poison  the  palladium  catalyst.  It  was  shown  by  our  experiments  that  commercial  hydrogen  may 
be  used  fra  hydrogenation  of  vinylacetylene  only  after  its  having  been  purified  over  a  catalyst  consisting  of 
nickel,  chromium  and  copper  deposited  on  silica  gel. 

We  also  checked  the  effect  of  impurities  contained  in  vinylacetylene  on  the  process  of  its  hydrogenation 
and  found  that  vinyl  chloride,  acetaldehyde  and  divinylacetylene  (formed  as  by-products  during  dimerization  of 
acetylene)  do  not  exert  a  noticeable  action  on  the  rate  and  the  selectivity  of  the  hydrogenation  reaction  if  they 
are  added  to  vinylacetylene  in  an  amount  of  0.3-3. 5*7>. 

A  method  of  regeneration  of  the  worked-out  catalyst  was  developed  by  the  way  of  dissolution  of  palladium 
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in  a  mixture  of  hydrochloric  and  nitric  acids  with  their  subsequent  removal  by  evaporation.  In  running  the  con¬ 
tinuous  experiments  under  laboratory  conditions  and  with  a  model  installation  we  showed  that  the  hydrogenation 
proceeds  with  a  regenerated  catalyst  at  the  same  rate  and  selectivity  as  with  the  use  of  a  freshly  prepared  catalyst. 

EXPERIMENTAL 

1)  Hydrogenation  of  vinylacetylene  in  apparatus  with  porous  glass  filter.  The  apparatus  consisted  of  a  glass 
tube  with  22-mm  diameter  and  150-mm  length.  A  porous  glass  filter  No.  2  was  sealed  into  the  lower  end  of  the 
tube.  A  gaseous  mixture  of  vinylacetylene  and  hydrogen  was  continuously  bubbled  through  the  catalyst  suspended 
in  the  apparatus.  The  degree  of  hydrogenation  was  determined  by  the  proportions  of  hydrogen  and  vinylacetylene 
and  by  the  feed  rate  of  the  gas  mixture.  The  degree  of  hydrogenation  rose  from  about  to  about  6(y7o  after  a 
corresponding  change  of  the  hydrogen  to  vinylacetylene  ratio  from  1:2  to  2:1.  For  the  same  component  propor¬ 
tion  the  degree  of  hydrogenation  was  decreased  by  increased  feed  rate  of  the  gas  mixture.  The  transition  from 
periodic  to  continuous  metliod  of  running  the  process  did  not  exert  any  noticeable  effect  on  the  previously  estab¬ 
lished  dependence  of  reaction  product  composition  on  the  degree  of  hydrogenation.  A  material  effect  on  reaction 
selectivity  in  this  instance,  as  in  the  periodic  (batch)  process,  is  exerted  by  the  intensity  of  stirring  of  the  solution. 
Thus,  in  experiments  run  without  shaking  of  the  reaction  vessel,  the  hydrogenation  proceeded  unselectively.  Thus, 
for  increased  yield  of  butadiene  it  is  necessary  to  insure  an  intense  stirring  and  good  distribution  of  the  gaseous 
mixture  in  tlie  reaction  medium. 

A  prolonged  experiment  was  run  with  hydrogenation  of  vinylacetylene  by  the  continuous  method  in  acetic- 
acid  solution.  For  this  experiment  we  took  0.08  g  of  palladium,  6.0  g  of  silica  gel  and  20  ml  of  95*70  acetic  acid. 
An  analysis  of  the  reaction  gas  was  run  for  the  determination  of  alteration  of  catalyst  activity  in  the  process  of 
hydrogenation  after  definite  time  intervals  and  a  material  balance  of  reaction  products  was  made.  It  is  evident 
from  the  data  in  Table  1  that,  with  the  hydrogen  to  vinylacetylene  proportion  of  1.3:1  and  at  the  feed  rate  of  the 
gas  mixmre  of  13-16  liters  per  hour  per  liter  of  solution,  the  reaction  products  consisted  of  about  35*70  butadiene 
and  about  65*7o  vinylacetylene.  Butylenes  also  form  along  with  butadiene  after  an  increase  of  the  degree  of  hy¬ 
drogenation  and  their  amount  rises  with  tlie  increased  degree  of  hydrogenation.  The  catalyst  did  not  lose  its  ac¬ 
tivity  after  90  hours  of  continuous  operation. 


TABLE  1 

Hydrogenation  of  Vinylacetylene  by  Continuous  Method  in  Acetic -Acid  Solution 


Duration  of  experiment 

Ratio  of 
to 

vinyl- 

acetylem 

Feed 
rate  of 
gas  mixt. 
(liters 
per  hr/ 
liter  .of  ^ 
solutionj 

Degree  of 

hyMo- 

genation 

(in  *7o) 

Reaction  product 
composition  (in 
volume  *^) 

of  individual 
sample 

from  beginning 
of  experiment 

H 

buta¬ 

diene 

butyl¬ 

enes 

13  hr 

30  min 

13  hr 

30  min 

1.6  :  1 

13.3 

84.0 

31.4 

53.2 

15.4 

13  hr 

35  min 

27  hr 

05  niin 

1.4  :  1 

14.0 

59.4 

46.8 

47.0 

6.2 

13  hr 

Id  min 

40  hr 

20  min 

1.4  ;  1 

16.5 

48.9 

55.7 

39.7 

4.6 

13  hr 

IM)  min 

53  hr 

20  min 

1.3  :  1 

16.3 

36.4 

63.7 

36.4 

13  hr 

45  min 

67  hr 

05  min 

1.3  :  1 

12.6 

39.5 

60.5 

39.5 

13  hr 

30  min 

80  hr 

.35  min 

1.3  :  1 

13.3 

48.2 

55.2 

41.4 

3.4 

9  hr 

30  min 

90  hr 

05  min 

1.5  :  1 

15.5 

75.8 

36.7 

50.8 

12.5 

2)  Hydrogenation  of  vinylacetylene  in  apparatus  with  stirrer.  The  running  of  prolonged  experiments  of 
continuous  hydrogenation  of  vinylacetylene  in  the  apparatus  with  a  porous  glass  filter  presented  considerable  dif¬ 
ficulties  owing  to  the  frequent  plugging  of  the  filter  by  the  catalyst.  In  order  to  eliminate  these  defects  we 
made  use  of  an  apparatus  with  a  stirrer.  The  apparatus  consisted  of  a  round -bottomed  flask  of  75-ml  capacity. 

A  tube  with  a  drawn-out  capillary  end,  to  be  used  for  supply  of  the  gas  mixture,  was  sealed  into  the  bottom  of 
the  flask.  The  gas  mixture  was  led  into  the  solution  in  the  form  of  fine  bubbles  which  were  distributed  by  an 
intensive  stirring  witli  the  agitator  rotating  at  about  400  rpm.  0.004  g  of  palladium,  precipitated  on  6  g  of  silica 
gel  suspended  in  20  ml  of  95*7o  ethyl  alcohol,  was  taken  for  the  reaction.  It  is  evident  from  the  data  in  Table  2 
that  with  hydrogen  to  vinylacetylene  ratio  of  1:1  and  with  the  feed  rate  of  the  gas  mixture  of  32-35  liters  per 
hour  per  liter  of  solution,  the  degree  of  hydrogenation  was  28-31*7j  and  practically  only  butadiene  was  the  reac¬ 
tion  product. 
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TABLE  2 


Hydrogenation  of  Vlnylacetylene  by  Continuous  Method  in 
Apparatus  with  a  Stirrer 


Ratio  of  H2 
to  vinyl - 
acetylene 

Feed  rate 
of  gas  mixt. 
(liters  per 
hr/liter  of 
solution) 

Degree  of 
hydrogena 
tion  (%) 

Composition  of  reaction 
products*  (volume  %) 

vinyl - 
acetylene 

butadiene 

1.1  :  1 

32 

27.9 

72.1 

27.9 

1.1  :  I 

32 

31.4 

6«.() 

31.4 

1  :  1 

35 

2H.2 

71.8 

28.2 

1  :  1 

34 

()9.4 

30.6 

1  :  1 

33 

31.1 

68.9 

31.1 

♦No  butylenes  were  present. 


3)  Hydrogenation  of  vlnylacetylene  in  a  model  apparatus  was  run  in  an  iron  apparatus  with  2-liter  capacity. 
The  stirring  of  the  suspended  catalyst  was  done  by  a  stirrer  rotating  at  about  350  rpm.  The  gas  mixture  entered 
the  solution  through  a  bubbler  consisting  of  a  ring-shaped  tube  with  1-mm  openings.  1.3  g  of  palladium,  pre¬ 
cipitated  on  240  g  of  silica  gel,  suspended  in  alcohol,  was  taken  per  charge.  The  total  volume  of  the  solution 
was  1300  ml.  The  reaction  was  run  at  6-8*.  Commercial  vlnylacetylene  distillate  and  commercial,  purified 
hydrogen  were  fed  into  the  apparatus.  The  feed  rate  of  hydrogen  and  vlnylacetylene  was  controlled  by  rheometers. 
Part  of  tlie  reaction  products  was  condensed  periodically  and  analyzed  for  the  content  of  vlnylacetylene,  buta¬ 
diene  and  butylenes.  At  hydrogen  to  vlnylacetylene  ratio  of  1:1  and  the  feed  rate  of  the  gas  mixture  of  18-20 
liters  per  hour  per  liter  of  solution,  the  reaction  products  consisted  of  13-15%  of  vlnylacetylene,  23-25%  of  buta¬ 
diene  and  1.5-3*^  of  butylenes.  These  data  are  shown  in  the  figure.  The  catalyst  did  not  lose  its  activity  and 
selectivity  after  some  200  hours  of  continuous  operation. 
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Composition  of  reaction  products  depending  on  duration  of  opera¬ 
tion  of  the  catalyst:  1)  vlnylacetylene;  2)  butadiene;  3)  butyl¬ 
enes. 


In  order  to  raise  the  productivity  of  the  process,  we  ran  some  experiments  on  hydrogenation  of  vlnylacetylene 
in  the  same  apparatus  under  pressure  of  3  atmos  at  40*.  The  amount  of  palladium  and  the  total  solution  volume 
were  the  same  as  in  experiments  under  normal  pressure.  The  feed  rate  of  hydrogen  was  regulated  by  a  rotameter. 
Vlnylacetylene  entered  die  reactor  from  an  evaporator  and  its  amount  was  controlled  by  tlie  rate  of  hydrogen 
feed  and  by  the  evaporator  temperature.  The  ratio  of  hydrogen  to  vlnylacetylene  was  1:1  and  the  feed  rate  of 
the  gas  mixmre  was  200-120  liters  per  hour  per  liter  of  catalyst.  It  is  evident  from  the  data  in  Table  3  that  with 
the  degree  of  hydrogenation  of  23-29^o  the  reaction  products  contained  20-25%  of  butadiene  and  1.5-3*70  of 
butylenes.  Thus,  the  temperature  rise  to  40"  and  pressure  rise  to  3  atmos  increased  the  productivity  of  the  process 
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TABLE  3 

Hydrogenation  of  Vinylacetylene  in  a  Model  Apparatus  Under  3  atmos  Pressure  at  40* 


Duration  of  hy¬ 
drogenation  of 
each  sample 
(in  hours) 

Ratio  of  hydro¬ 
gen  to  vinyl¬ 
acetylene 

Feed  rate  of 
gas  mixture 
(liters  per  hr/ 
liter  of  solu¬ 
tion) 

Degree 
of  hydro¬ 
genation 
(in  % 

Composition  of  reaction 
products  (in  volume  °Jo) 

vinyl - 
acetyleni 

buta- 
1  diene 

butylenes 

() 

1  :  1 

100 

36.6 

66.0 

34.0 

1.3 

6 

1  :  1 

100 

63.4 

46.0 

44.6 

9.4 

6 

1  :  1 

100 

62.5 

45.4 

46.5 

8.0 

7 

1.1  : 1 

120 

69.2 

42.0 

46.8 

11.2 

6 

1.1  :  1 

120 

52.3 

54.8 

38.1 

7.1 

6 

1.1  :  1 

100 

64.5 

44.9 

45.7 

9.4 

8 

1  :  1 

110 

60.6 

47.4 

44.6 

8.0 

6 

1  :  1 

100 

29.2 

72.6 

24.9 

2.5 

t> 

1  :  1 

100 

29.2 

73.4 

23.3 

3.3 

6 

1  :  1 

120 

26.6 

74.9 

23.6 

1.5 

t> 

1  :  1 

100 

29.4 

73.1 

24.4 

2.5 

(i 

1  :  1 

100 

23.3 

78.1 

20.5 

1.4 

Note;  The  variations  of  the  degree  of  hydrogenation  are  mainly  connected  wltii  altera¬ 
tion  of  the  ratio  of  hydrogen  to  vinylacetylene. 


of  hydrogenation  of  vinylacetylene  by  5 -6-fold  in  comparison  with  the  process  of  the  reaction  at  normal  pressure 
and  6-8’  (with  15-20  liters  per  hour  per  liter  of  catalyst  and  up  to  100-120).  Some  drop  in  selectivity  is  possibly 
connected  with  the  Insufficient  intensity  of  stirring  of  the  catalyst  suspension  under  such  conditions. 

It  was  shown  tiiat  formation  of  vinylacetylene  polymers  occurs  under  the  conditions  of  running  the  hydro¬ 
genation  reaction  at  elevated  temperature.  The  amount  of  polymers  formed  in  running  the  reaction  at  40*  was 
about  3*70  based  on  the  amount  of  vinylacetylene  introduced. 

Regeneration  of  worked-out  catalyst  was  done  by  two  methods;  1)  solution  of  palladium  in  a  mixture  of 
nitric  and  hydrochloric  acids  and  their  subsequent  evaporation,  and  2)  solution  of  palladium  in  hydrochloric  acid 
in  the  presence  of  chlorine.  The  regeneration  was  run  as  follows  in  the  first  method.  The  solvent  was  decanted 
from  the  catalyst  and  the  latter  was  treated  with  small  portions  of  a  mixture  of  strong  nitric  and  hydrochloric 
acids  with  heating  on  a  steam  bath.  Palladium  was  thereby  changed  into  palladium  chloride  and  the  tars  present 
on  the  catalyst,  as  a  result  of  polymerization  of  vinylacetylene,  were  oxidized.  The  palladium-chloride  solution 
was  decanted  from  the  silica  gel  and  evaporated  to  dryness,  while  the  silica  gel  was  washed  with  water  and  dried 
in  a  thermostat  at  110*. 

Experiments  of  hydrogenation  of  vinylacetylene  with  the  regenerated  catalyst  were  run  both  in  the  labora¬ 
tory  and  in  the  model  installation  under  normal  pressure.  It  is  possible  to  draw  the  conclusion, after  a  comparison 
of  these  data  with  those  secured  with  the  pure  catalyst, that  the  composition  of  the  reaction  products  remained 
the  same.  The  activity  of  the  regenerated  catalyst  failed  to  change  in  100  hours  of  continuous  operation. 

The  regeneration  of  the  catalyst  by  the  second  method  was  done  as  follows.  The  alcohol  was  decanted 
from  the  catalyst  and  the  latter  was  washed  with  acetone  to  remove  the  tars.  Hydrochloric  acid  was  poured  into 
the  catalyst  and  chlorine  was  passed  into  it,  whereupon  palladium  was  transformed  into  palladium  chloride.  The 
reduction  of  palladium  chloride  to  palladium  by  means  of  molecular  hydrogen  was  done  in  the  same  hydrochloric- 
acid  solution,  the  palladium  precipitating  on  the  same  silica  gel.  The  hydrochloric  acid  was  decanted  and  was 
used  for  the  regeneration  of  the  next  batch  of  the  catalyst,  while  the  palladium  on  silica  gel  was  washed  with 
water  until  neutral.  The  results  of  the  laboratory  experiments  run  with  this  catalyst  did  not  differ  from  the  data 
obtained  with  the  catalyst  regenerated  by  the  first  method. 

SUMMARY 

1.  The  {xocess  of  hydrogenation  of  vinylacetylene  may  be  realized  by  a  continuous  process  under  the  con¬ 
ditions  of  intensive  stirring  of  the  solution  and  uniform  gas  distribution.  It  was  shown  that,  in  this  case,  the  cata¬ 
lyst  preserves  its  activity  for  over  200  hours. 
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2.  The  possibility  of  regeneration  of  the  spent  catalyst  with  its  use  for  hydrogenation  of  vinylacetylene 
without  a  drop  in  activity  or  selectivity  of  the  process  was  demonstrated. 
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BROMINATION  OF  UNSATURATED  COMPOUNDS 


VII.  KINETICS  AND  MECHANISM  OF  ADDITION  OF  BROMINE  TO  THE  DOUBLE  BOND 
IN  THE  PRESENCE  OF  BROMIDES 
N.P.  Kanyaev 

Chemical-Technological  Institute,  Ivanov 

The  study  of  the  kinetics  of  the  reaction  of  addition  of  bromine  to  a  double  bond  in  aqueous  solution  Is 
complicated  by  the  fact  that  two  products  are  formed  in  this  reaction  —  the  bromohydrin  and  the  dibromo  deriva¬ 
tive.  The  formation  of  the  bromohydrin  is  accompanied  by  the  evolution  of  hydrogen  bromide  which  then  takes 
part  In  the  course  of  the  process  by  altering  the  reaction  rate  and  the  quantitative  ratio  of  its  two  products  in¬ 
dicated  above. 

It  is  known  from  the  literature  data  that  hydrogen  bromide  Is  a  strong  catalyst  in  reactions  with  unsaturated 
compounds  which  proceed  in  chloroform  and  carbon  tetrachloride  solution  [1].  In  most  cases  the  hydrogen  bro¬ 
mide  and  bromides  accelerate  the  addition  of  bromine  to  the  double  bond  in  acetic -acid  solution  [2].  Conversely, 
a  retardation  of  the  reaction  Is  observed  in  methanol  [3]  or  aqueous  solution  [4].  The  mechanism  of  action  of 
bromides  has  been  also  much  discussed  in  the  literature.  Anantakrishnan  and  Venkataraman  [5]  proposed  the 
chain  mechanism  including  the  complex  A*HBr  and  bromine  activated  by  the  same  acid.  Nozaki  and  Ogg  [6] 
concluded  that  the  reactions  catalyzed  by  bromides  proceed,  in  glacial  acetic  acid,  as  trimolecular  processes  of 
interaction  of  the  unsaturated  compound  with  bromine  and  bromide  ion  with  the  unsaturated  compound.  Robert¬ 
son  and  his  co-workers,  who  have  studied  die  addition  of  bromine  also  in  acetic  acid,  consider  that  HBr  forms 
with  bromine  a  complex  compound  HBr3  which  may  be  an  electrophilic  reagent  in  reactions  with  some  unsaturated 
compounds  and  a  nucleophilic  one  with  other  unsaturated  compounds  [7].  Bartlett  and  Tarbell  [3]  ascribed  a 
weak,  electrophilic  action  to  the  complex  Br^  in  comparison  with  the  more  active  bromine  molecules. 

In  the  present  paper  we  present  some  results  of  a  study  of  the  reaction  of  addition  of  bromine  in  the  pres¬ 
ence  of  a  bromide  in  aqueous  solution. 

EXPERIMENTAL 

It  has  been  established  previously,  in  the  study  of  the  effect  of  the  bromide  ion  on  the  kinetics  of  the  addi¬ 
tion  reaction,  that  the  reaction  rate  may  be  represented  by  the  following  kinetic  equation  which  has  a  general 
significance  for  the  compounds  shown  in  the  paper  [8,  3]. 

-^^^^  =  *'fAl  |I3r.,]  +  A:"(A]IBr-l,  (1) 

where  [Brj]  is  the  analytical  concentration  of  active  bromine  and  [A]  is  the  concentration  of  the  unsaturated 
compound.  By  determining  the  values  of  the  rate  constants  k*  and  k"  for  various  unsaturated  compounds,  we  dis¬ 
covered  that  the  ratio  k’/k"  depends  on  the  electron  density  in  the  region  of  the  double  bond.  This  dependence 
is  shown  in  Table  1  from  the  data  in  which  it  is  evident  that  k'  is  considerably  greater  than  k"  for  compounds 
placed  at  the  beginning  of  the  table.  The  reduction  of  the  rate  constant  k*  of  the  reaction  with  bromine  for  the 
following  compounds  is  accompanied  by  the  decrease  of  rate  constant  k"  for  the  reaction  with  Brj,  as  well.  But, 
since  the  reduction  of  k"  proceeds  to  a  lesser  degree  than  that  of  k’,  the  value  of  k"  becomes  greater  than  that 
of  k’  for  the  last  two  compounds.  Thus,  along  with  the  reduction  of  the  reactivity  of  the  double  bond,  the  frac¬ 
tion  of  the  substance  reacting  with  Br^  increases  constantly. 
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TABLE  1 

Dependence  of  k*/k"  on  the  Reactivity  of  the  Unsaturated 
Compound 


Unsaturated 

compound 

Rate  constai 
reaction  (lii 
•mm^ 
witTi 

Hr,  (h') 

nts  for  the 
ters/mole  • 

with 

BrlOf") 

1 

h' 

h" 

CH3CH=CHC00II  (I) 

30(K) 

22 

130 

C,ir5CH=CnCc»6  (11) 

20() 

2.02 

99 

-s()3CH8CH=chch2S03-(iii) 

23 

0.47 

49 

-02CCM=CHC()2-  (IV) 

16.7 

1.65 

10 

((CH3)3Nch2CH=ch.,i^  (V) 

2.03 

0.6 

3.4 

-HC)2CCn=CllC02H  (VI) 

0.033 

0.023 

1.5 

CHaOiCCH— CHCC),-  (VII) 

0.0090 

0.018 

0.5 

|(CH3)3NCH=CH2j^  (Vni) 

0.(KXM0 

0.00040 

0.25 

It  appeared  later  that  the  proportion  of  the  reaction  products,  specifically  of  bromohydrin  and  dibromide, 
depends  not  only  on  the  bromide  ion  concentration  as  supposed  by  Bartlett  and  Tarbell  [3],  but  also  on  the  reac¬ 
tivity  of  the  unsaturated  compound;  the  smaller  is  the  latter,  the  more  dibromide  is  formed,  as  this  is  evident 
from  the  data  in  Table  2. 

The  cited  experimental  material  permits  us  to  suppose  that  the  dibromide  is  formed  as  a  result  of  action 
of  the  tribromide  ion  on  the  unsaturated  compound  or  as  a  result  of  combined  action  of  bromine  and  the  bromide 
ion.  These  two  possibilities  are  indistinguishable  kinetically  since; 

[Br3“)=  (Br-J. 


For  a  confirmation  of  this  supposition,  we  studied  in  more  detail  the  effect  of  the  bromide  ion  on  the  formation 
of  dibromide  for  compound  (V).  The  results  of  this  study  are  shown  in  the  figure  in  which  the  concentrations  of 
sodium  bromide  from  0  to  1  mole/liter  are  plotted  on  the  abscissa  axis,  while  the  percent  of  resulting  dibromide 
of  (V)  are  plotted  on  the  ordinate  axis.  The  resulting  curve  1  shows  the  mumal  dependence  of  these  values  at  0*. 
Curve  2,  located  In  the  same  figure,  shows  the  change  of  Br^  concentration  along  with  the  change  of  NaBr  con¬ 
centration,  while  the  Br^  concentration  is  shown  in  percent  of  active  bromine  (the  bromine  concentration  was  the 
same  for  all  experiments).  Both  curves  have  the  same  form  which  may  indicate  the  close  tie  between  the  values 
shown  by  these  curves. 


TABLE  2 

Dependence  of  Dibromide  Formation  on  Reactivity  of  C— C 


Unsaturated ' 
compound 

'  k’  of  react. 

Ilit'^^^ole- 

Salt 

Salt  cone.  ' 
(moles/liter  ;j 

'  °lo  of  di  - 
bromide 

( 

KNO3 

0.10 

0 

(() 

3000  1 

Na  Hr 

0.05 

.5 

1 

Nallr 

0.20 

11 

(II) 

200  j 

KHr 

KUr 

0.10 

0.20 

10 

17 

j 

KNO3 

0.1 

6 

Nallr 

0.05 

24 

< '  ) 

Nallr 

0.20 

.56 

1 

KCl 

0.20 

17 

j 

KNO3 

0.1 

2 

(VII) 

0.0090  j 

Nallr 

Nalir 

0.05 

0.20 

59 

84 

1 

KCl 

0.20 

50 

(VIII) 

0.0(K)10  { 

NaNOg 

NaBr 

0.20 

0.24 

0 

92 
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TABLE  3 

Direction  of  Reaction  of  (V)  witii  Bromine  at  Various  Levels 
of  Br” 


Tern  perature 

20’ 

20’ 

12’ 

20’ 

(Nalirl 

0.05 

0.100 

0.2(K) 

0.800 

Reaction  proceeds  through 

25% 

38% 

55"/o 

70'Vo 

Brj  by: 

Amount  of  dibromide 

(in  % 

25 

42 

57 

73 

In  addition,  we  ran  some  kinetic  experiments  with  determination  of  the  amount  of  dibromide  after  termina¬ 
tion  of  the  reaction  at  20*  and  12*.  As  indicated  above,  the  reaction  rate  is  expressed  by  Eq.  (1).  Since  the  rate 
constants  k’  and  k"  in  this  equation  are  known,  having  determined  the  reaction  rate,  one  may  determine  by  a 
calculation  what  fraction  of  (V)  is  transformed  via  the  first  and  what  fraction  via  the  second  route  of  the  reaction, 
i.e.,  via  Br2  or  via  Br^  (or  (1/K)  [Br2]  [Br"]). 

The  results  shown  in  Table  3  indicate  that.in  reality,  the  first  member  of  the  kinetic  equation  approximately 
reflects  the  rate  of  bromohydrin  formation,  while  the  second  member  shows  the  rate  of  dibromide  formation. 

This  conclusion  follows  from  the  fact  that  at  different  bromide  concentrations  the  percent  of  the  reaction  rate 
with  Brj,  relative  to  the  total  rate  of  bromination,  is  approximately  equal  to  the  percent  content  of  dibromide  in 
the  product. 

DISCUSSION  OF  RESULTS 

The  conception  of  the  reaction  mechanism  in  the  presence  of  the  bromide  meets  some  difficulties.  If  one 
considers  that,  in  this  case,  two  electrophilic  agents  Br2  and  BrJ  [3]  are  operative,  one  should  think  that  the  elec¬ 
trophilic  character  of  bromine  should  be  always  stronger  than  that  of  Br^ .  However,  it  follows  from  the  data  in 
Table  1  that,  conversely,  Br^  is  more  active  than  Br2  in  the  reaction  with  compounds  (VII)  and  (VIII). 

The  supposition  that  Br^  may  be  an  electrophilic  and  nu¬ 
cleophilic  reagent  [7]  evidently  agrees  with  the  data  in 
Table  1:  the  weakly  electrophilic  Br^  gradually  changes  into 
the  nucleophilic  reagent.  However,  the  bromide  ion  present 
in  the  solution  should  be  a  stronger  nucleophilic  agent  than 
Br3  and,  if  the  double  bond  acquires  an  electrophilic  charac¬ 
ter  under  the  influence  of  the  electron -acceptor  groups  present 
in  the  molecule  of  the  unsaturated  compound,  Br"  should  react 
first  and  not  Brj.  For  this  reason,  this  mechanism  also  seems 
doubtful. 

It  is  possible,  finally,  to  consider  that  Brj  is  an  extremely 
weak  electrophilic  agent  and  for  this  reason  its  brominating 
action  for  our  compounds  may  be  disregarded  while  the  double 
bond  is  always  effectively  attacked  only  by  a  bromine  mole¬ 
cule.  Depending  on  whether  water  or  the  bromide  ion  is  the 
third  partner  in  the  reaction  of  bromine  with  the  unsaturated 
compounds,  the  process  proceeds  along  two  paths.  The  first 
of  these  paths  leads  to  the  bromohydrin  formation,  the  second  — 
to  dibromide.  The  solvent  (water)  does  not  enter  the  kinetic 
equation  since  its  concentration  remains  constant.  In  this  case, 
the  rate-determining  step  of  the  process  would  be  the  stage  of  formation  of  the  transition  complex  of  three  par¬ 
ticles  -unsaturated  compound,  bromine  and  water,  or  bromide  ion. 

It  remains  beyond  understanding,  with  such  a  concept,  in  what  manner  does  the  reactivity  of  the  unsaturated 


Concentration  of  NaBr  (moles/liter) 

Dependence  between  percent  of  dibromide 
formation  from  (V)  and  the  concentration 
of  NaBr.  Explanation  in  the  text. 
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compound,  as  shown  in  Table  1,  have  any  significance  in  the  competition  of  water  with  the  bromide  ion  for  the 
participation  in  the  reaction.  An  explanation  of  this  phenomenon  may  be  found  in  the  assumption  that  the  bro¬ 
mide  ion,  in  the  case  of  low  electron  density  at  one  of  the  unsaturated  carbons  owing  to  the  electrostatic  attrac¬ 
tion,  forms  a  complex  compound  with  the  unsaturated  molecule.  Formation  of  complexes  of  unsaturated  com¬ 
pounds  widi  hydrogen  bromide  has  been  noted  in  the  literature  and  these  are  regarded  as  a  state  of  a  preliminary 
activation  of  tlie  molecules  prior  to  the  addition  of  hydrogen  bromide  or  bromine  [9,  5].  Hydrogen  bromide  also 
accelerates  the  transformation  of  maleic  acid  into  fumaric  [10].  Such  a  complex  with  HBr  or  Br”  should  possess 
a  greater  electron -donor  ability  and  should  enter  more  readily  into  a  compound  with  bromine,  forming  the  di- 
bromide  invariably  thereby.  It  is  possible  to  suppose  that  this  reaction  mechanism  belongs  to  the  addition  of 
bromine  to  unsaturated  compounds  with  low  electron  density  in  the  region  of  the  double  bond.  For  compounds 
which  readily  react  with  bromine  another  mechanism  is  probable  which  includes  into  the  reaction  the  weakly 
electrophilic  reagent  Brj.  The  form  of  the  kinetic  equation  is  not  changed  thereby. 

SUMMARY 

1.  The  bromohydrin  is  a  reaction  product  in  the  action  of  bromine  water  on  an  unsaturated  compound.  The 
dibromo  derivative  is  formed  in  the  presence  of  the  bromide  ion  with  its  participation. 

2.  The  role  of  the  bromide  ion  as  a  reaction  participant  increases  with  decreased  reactivity  of  the  double 

bond. 

3.  The  proportion  of  the  amounts  of  bromohydrin  and  dibromide  in  the  reaction  products  depends  not  only 
on  die  concentration  of  the  bromide  ion  in  solution,  but  also  on  the  reactivity  of  the  unsaturated  compound:  the 
lower  is  the  latter,  the  more  dibromide  is  fcarmed. 

4.  A  discussion  of  the  possible  reaction  mechanisms  is  presented. 
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CONCERNING  THE  CHARACTERIZATION 
OF  a, e -UNSATURATED  KETONES.  VII. 

V.I.  Esafov,  L.I.  Stashkov,  L.B.  Slrotkln, 

A.L.  Suvorov  and  E.G.  Novikov 
Ural  State  University 

One  of  us  cited  in  the  preceding  paper  [1]  some  data  which  prove  the  dependence  of  the  ability  toward 
hydrolytic  cleavage  of  structurally  different  aliphatic  a, d -unsaturated  ketones  and  the  degree  of  conjugation  of 
>  C  =  C <  and  C  =  O  bonds  in  them.  The  alkaromatic  a.fl  -unsaturated  ketones  have  not  been  studied  in  this 
connection.  At  the  same  time,  an  all-sided  study  of  this  problem  is  important  from  the  viewpoint  of  clarifica¬ 
tion  of  the  mechanism  of  the  transfer  of  atomic  effects. 

The  present  work  is  the  first  publication  of  experimental  data  on  the  hydrolytic  cleavage  of  alkaromatic 
a, fl -unsaturated  ketones  which  contain  an  aryl  radical  directly  bound  to  the  carbonyl  group.  Ketones  of  this  type 
have  been  prepared  by  the  way  of  dehydration  of  6-ketols  synthesized  by  the  Grignard-Colonge  method  [2]. 


CH3 

I 

(CllnJaC,— C=0  +  CIl.,(:()Ar 


c,iun(('ii,)M8:I 


CH 

I 

(CH;,)3C— C— CH,COAr 


OH 


Experiments  on  hydrolytic  cleavage  of  fl-ketols  were  also  run  by  us.  The  data  in  Table  2  indicate  that  6- 
ketols  are  considerably  more  labile  than  the  a, fl -unsaturated  ketones  conesponding  to  them  and  are  more  sensi¬ 
tive  to  very  weak  hydrolytic  agents.  In  addition,  the  behavior  of  fl-ketols  in  hydrolysis  differs  from  that  of  the 
a, fl -unsaturated  ketones  in  that  the  alteration  of  concentration  of  sodium  hydroxide  exerts  only  a  feeble  influence 
on  the  degree  of  cleavage  of  fl-ketols,  while  it  influences  rather  strongly  the  hydrolytic  cleavage  of  a, fl -unsatu¬ 
rated  ketones  on  the  other  hand.  The  rate  of  hydrolysis  of  alkaromatic  ketones  studied  by  us  is  considerably  de¬ 
creased  by  increased  concentration  of  sodium  hydroxide  from  0.01  to  0.1  N.  In  this  respect,  these  ketones  some¬ 
what  resemble  mesityl  oxide  and  3-methyl-3-hepten-5-one  which  are  cleaved  more  completely  in  the  presence 
of  0.1  N  sodium  hydroxide  solution. 

It  should  be  noted  also  that,  of  the  four  homologous  fl-ketols,  the  most  stable  was  the  fl-ketol  (I)  with 
phenyl  radical  and  only  from  this  ketol  was  there  obtained,  on  distillation  under  3 -mm  vacuum  with  trace  of 
iodine,  the  corresponding  a, fl -unsaturated  ketone  in  81. 7*^  yield,  while  the  homologs  of  this  ketol  underwent 
mainly  a  thermal  decomposition  during  such  treatment. 

EXPERIMENTAL 

1.  'fhe  syntheses  of  fl  -ketols  were  run  in  a  four -necked  flask,  the  central  neck  of  which  was  fitted  with  a 
mechanical  stirrer,  while  the  side  necks  were  provided  with  a  thermometer,  a  dropping  funnel  and  a  bulb  reflux 
condenser  whose  open  end  could  be  connected  to  a  gasometer  through  a  system  of  two  U -tubes  with  calcium 
chloride.  Methylmagnesium  iodide  was  prepared  for  all  experiments  from  0.25  g-atoms  of  magnesium,  0.29 
mole  of  methyl  iodide  and  150  ml  of  absolute  ether.  To  the  solution  we  carefully  added,  with  external  ice  cool¬ 
ing,  an  ethereal  solution  (1:1)  of  0.25  mole  of  thoroughly  dried  methylaniline.  The  yield  of  methylanilinomag- 
nesium  iodide  was  estimated  by  the  amount  of  methane  formed;  this  yield  varied  within  the  range  of  94-98^0. 

The  amounts  of  pinacolone  and  CH3COAr,  where  Ar  =  CeH5,  C6II4CH3-P,  C6H4C2H5-P  and  C5H4CH(CH3)2-p,  needed 
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for  running  the  fl-ketol  syntheses,  were  adjusted  according  to  the  yield  of  the  latter  substance.  Pinacolone  in 
1:1  solution  in  absolute  etlier  was  added  over  20  minutes.  After  a  30-minute  hold,  an  absolute  ether  solution  (1:1) 
of  tlie  methylaryl  ketone  was  added  over  one  minute.  The  reaction  mixture  was  stirred  for  one  hour  longer  and 
then  was  decomposed,  with  external  ice  cooling,  with  50  ml  of  ice  water.  Extraction  of  methylaniline  from  the 
reaction  products  was  done  by  their  being  repeatedly  treated  with  hydrochloric  acid  solution;  then,  the  ethereal 
solution  was  washed  witli  a  dilute  sodium  carbonate  solution,  water, and  was  dried  over  anhydrous  sodium  sulfate. 
The  residues  crystallized  after  filtration  of  the  sodium  sulfate  and  distillation  of  the  ether.  The  purification  of 
the  6-ketols  was  done  by  crystallization  from  petroleum  ether  with  b.p.  up  to  55*. 

a)  2,3,3-Trimethyl-5-phenyl-3-pentanol-5-one  (I).  The  yield  of  the  8-ketol,if  the  methylaniline  and  the 
ketones  were  introduced  into  the  reaction  in  absolute  benzene  solution,  was  but  12- 15*^0,  while  in  the  medium  of 
absolute  etlier  it  was  47.5*^.  M.p.  74.5*. 

Found‘d:  C  76.02;  H  8.93;  0118.07.  M  216.2  (by  Rast  method).  Ci4Hi90(0H).  Calculated ‘fe  C  76.32; 
119.15;  0117.72.  M  220.3. 

b)  2,3,3-Trimethyl-5-p-tolyl-3-pentanol-5-one  (II).  Obtained  in  30.5*70  yield;  m.p.  80.5*. 

Found  °]oi  OH  7.03.  M  226.3  (cryoscopically).  Ci5H2iO(OH).  Calculated  OH  7.26.  M  234.33. 

c)  2,2,3-Trimethyl-5-p-ethylphenyl-3-pentanol-5-one  (III).  The  yield  of  the  fl-ketol  was  32.5*70;  m.p.  65*. 

Found  *70:  OH  6.87.  M  245.6  (by  Rast  method).  Ci6H230(0H).  Calculated  %  OH  6.85.  M  248.35. 

d)  2,2,3-Trimetliyl-5-p-isopropylphenyl-3-pentanol-5-one  (IV)  was  obtained  in  20.5*7o  yield;  m.p.  79*. 

Found  *7o;  OH  6.46.  M  260.7  (by  Rast  method).  Ci7H250(0H).  Calculated  *7o;  OH  6.48.  M  262.38. 

2.  Transformation  of  fl-ketols  into  the  corresponding  a, 6 -unsaturated  ketones,  a)  8 -Ketol  (I)  after  dis¬ 
tillation  witli  traces  of  iodine  under  3  mm  gave  an  81. 7*7o  yield  of  2,2,3-trimethyl-5-phenyl-3-penten-5-one  (V),*" 
a  liquid  with  b.p.  122*  at  3  mm. 

d^®4  0.9586,  n^®D  1.5350,  MR^  65.69,  M  199.0.  Ci4Hi80F4.  Calculated:  MR^  62.74,  M  202.28.  Data  on 
bromination  are  given  in  Table  1. 

b)  8-Ketol  (II)  gave,  on  distillation  witli  traces  of  iodine  at  3  mm,  only  a  12.5*7o  yield  of  2,2,3-trimethyl- 
5-p-tolyl-3-penten-5-one  (VI).  Hence,  the  dehydration  of  tiiis  8-ketol,as  well  as  of  8-ketols  (III), and  (IV), was 
run  by  heating  the  solution  of  tlie  8-ketol  in  ethylene  chloride  (1  g  ketol  per  4  ml  of  ethylene  chloride)  with  a 
few  crystals  of  iodine  for  4-8  hours  on  a  steam  bath.  The  yield  of  ketone  (VI)  in  this  case  was  42*7o.  It  is  a  liquid 
with  b.p.  131-132*  at  2  mm. 

d^®4  0.9570,  n^®D  1.5340,  MRq  70.26,  M  218.2  (by  Rast  method).  C^HgoOF^.  Calculated:  MR^  67.37, 

M  216.31.  Data  on  bromination  are  given  in  Table  1. 

c)  8 -Ketol  (III)  was  transformed  into  2,2,3-trimethyl-5-p-ethylphenyl-3-penten-5-one  (VII)  In  81.5*7o 
yield;  it  is  a  liquid  with  b.p.  137*  at  2.5  mm. 

d*®4  0.9519,  n*®D  1.5335,  MR^  75.16,  M  235.4  (by  Rast  method).  C16H22OF4.  Calculated:  MR^  72.03, 

M  230.34.  Data  on  bromination  are  given  in  Table  1. 

d)  8 -Ketol  (IV)  was  transformed  into  2,2,3-trimethyl-p-isopropylphenyl-3-penten-5-one  (VIII)  in  45*7o 
yield;  it  is  a  liquid  with  b.p.  142-143*  at  1.5  mm. 

d*®4  0.9462,  n^®D  1.5280,  MR^  79.53,  M  240.8  (by  Rast  method).  C„H240F4.  Calculated:  MRp  76.65, 

M  244.38. 

The  resulting  ketones  showed  rather  high  values  of  exaltations:  (V)  +2.95,  (VI)  +2.89,  (VII)  +3.13  and 
(Vni)  +2.88,  which  evidently  is  caused  by  tlie  creation  of  a  crossed  system  of  double  bonds  through  the  tt -elec¬ 
trons  of  the  benzene  nucleus.  According  to  data  [3],  phorone  shows  an  exaltation  of  +2.38. 

Despite  tlie  presence  of  a  quaternary  carbon  atom  at  the  ethylenic  bond  in  these  ketones,  they  yield  rather 
stable  dibromides,  which  fact  is  connected  with  the  stabilizing  influence  of  aryl  radicals  present  in  them  [4]. 

3.  A  study  of  hydrolytic  cleavage  of  a, 8 -unsaturated  ketones  and  8-ketols.  Samples  of  these  substances 


830 


TABLE  1 
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.5 
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121.39 
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120.46 

0.38 

(VI).. 

0.1043 

.5 

12.18 

9.17 

0.29 

110.18 

111.49 

7.11 

104..38 

3.16 

of  about  0.0025  mole  were  dissolved  in  5  ml  of  anhydrous  methanol  and,  after  addition  of  10  ml  of  0.01-N  so¬ 
dium  hydroxide  solution  (Table  2,  expt  1)  or  10  ml  of  0.1 -N  sodium  hydroxide  solution  (Table  2,  expt  2),  were 
heated  in  sealed  ampoules  for  two  hours  on  a  steam  bath.  The  ampoule  contents,  after  being  cooled,  were  quan¬ 
titatively  transferred  into  a  flask  with  50  ml  of  0.1 -N  iodine  solution.  Then  25  ml  of  1-N  sodium  hydroxide  so¬ 
lution  was  added  and  the  mixture  was  allowed  to  stand  for  15  minutes.  After  acidification  with  26  ml  of  1-N 
solution  of  hydrochloric  acid,  the  excess  iodine  was  back  titrated  with  0.1-N  hyposulfite  solution.  The  calcula¬ 
tion  of  the  degree  of  hydrolytic  cleavage  of  the  a, 8 -unsaturated  ketones  and  8-ketols  was  related  to  the  con¬ 
sumption  of  6  moles  of  iodine  per  1  mole  of  the  substance  (100%  cleavage). 


TABLE  2 


Expt. 

No. 

Substances  used 

Sample  (g) 

Volume  0. 1  N  Na2S203 
solution  (in  ml)* 

" 

Degree  of 
hydrolytic 
cleavage 
(%  of 

theoretical) 

for  titration 
of  excess 
iodine 

for  iodine 
consumed 

1 

Ketone  (V  ) . 

0.0534 

49.68 

0.22 

0.69 

2 

Ketone  (V) . 

0.0480 

44.71 

5.19 

18.19 

1 

Ketone  (VI) . 

0.0522 

49.73 

0.17 

0.58 

2 

Ketone  (VI) . 

0.05.38 

46.88 

3.02 

10.11 

1 

p-Ketone(I) . 

0.0556 

24.00 

25.90 

86.30 

2 

p-Ketone(I) . 

0.0532 

23.70 

26.20 

91.22 

1 

p-Ketone(II) . 

0.0570 

25.92 

23.98 

82:15 

2 

P-Ketone(II) . 

0.0578 

24.76 

25.14 

84.93 

1 

fl-K0tone(ni) . 

0.(  621 

22.81 

27.09 

90.26 

2 

p-Ketone(m) . 

(M  620 

24.32 

25.58 

85.11 

1 

p-Ketone(lV) . 

0.0658 

23.90 

26.00 

86.41 

2 

p-Ketone(IV) . 

0.0646 

24.65 

25.25 

85.44 

•The  volume  of  0.1-N  Na2S203  solution  in  all  experiments  that  was  consumed  for  ti¬ 
tration  in  a  blank  experiment  was  equal  to  49.9  ml. 


SUMMARY 

1.  8-Ketols,  synthesized  for  the  first  time,  were  described:  2,2,3 -trimethyl -5 -phenyl-3 -pentanol-5 -one, 
2,2,3-trimethyl-5-p-tolyl-3-pentanol-5-one,  2,2,3-trimethyl-5-p-ethylphenyl-3-pentanol-5  one  and  2,2,3- 
trimethyl-5-p-isopropylphenyl-3-pentanol-5-one,  as  were  the  corresponding  a, 8 -unsaturated  ketones:  2,2,3- 
trimethyl-5 -phenyl-3 -penten-5 -one,  2,2,3-trimethyl-5-p-tolyl-3-penten-5-one,  2,2,3-trimethyl-5-p-ethyl- 
phenyl-3-penten-5-one  and  2,2,3 -trimethyl-5-p-isopropylphenyl-3 -penten-5 -one. 

2.  The  degree  of  hydrolytic  cleavage  of  these  8-ketols  and  a, 8 -unsaturated  ketones  was  determined  and 
it  was  shown  that  the  latter  ketones  are  brominated  with  an  insignificant  loss  of  hydrogen  bromide,  which  fact  is 
a  deviation  from  the  M.D.  L*vov-D.V.  Tishchenko  reaction. 
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DEUTERIUM  EXCHANGE  BETWEEN  LIQUID  DBr 
AND  PHENYLATED  ALKANES 

A. I.  Shateiishtein,  V.R.  Kalinachenko,  E.N.  Yurygina 
and  V.M.  Basmanova 

L.Ya,  Karpov  Physicochemical  Institute  and  Research  Institute  for  Intermediates  and  Dyes 


The  rate  of  reactions  of  electrophilic  substitution  of  hydrogen  in  alkylbenzenes  (chlorination  [1,2],  bro- 
minatlon  [3],  nitration  [4]  and  Friedel-Crafts  alkylation  [5])  decreases  in  the  series;  C6H5CH3>  G6H5C2H5> 

>  C6H5CH(CH3)2  >  €61150(0113)3.  This  is  explained  [6,  7]  by  the  hyperconjugation  effect  (o.tt  -conjugation).  By 
analogy  it  is  possible  to  suppose  that  the  rate  of  the  corresponding  reactions  of  polyphenylated  alkanes  also  de¬ 
pends  on  die  proportion  between  the  number  of  a -OH  bonds  and  the  number  of  the  aromatic  rings.  If  one  con¬ 
siders  that  tire  rate  of  bromination  of  alkylbenzenes  depends  on  the  branching  of  the  hydrocarbon  chain  not  only 
at  tlie  a  -  but  also  at  the  S -carbon  atom  of  the  alkyl  group  [3],  then  it  is  not  impossible  that  proportion  between 
the  number  of  tJie  rings  and  the  number  of  more  removed  CH-bonds  may  have  a  significance  in  the  reactions 
electrophilic  substitution  of  hydrogen  in  other  phenylated  alkanes. 

In  order  to  verify  the  correctness  of  these  suppositions,  we  turned  to  the  study  of  deuterium  exchange  be¬ 
tween  polyphenylated  alkanes  and  liquid  deuterium  bromide  [8,  9].  Its  mechanism  is  close  to  that  of  chemical 
reactions  of  electrophilic  substitution  of  hydrogen  [10]. 

Some  preliminary  results  have  been  published  previously  [11]. 

EXPERIMENTAL 

Compounds.  Diphenylrnethane.  1)  Kahlbaum  product.  Vacuum  distilled.  2)  Product  of  Kharkov  Reagent 
Plant.  Vacuum  distilled.  3)  Same  product,  frozen  out  twice.  M.p.  26.5*  (26®).* 

Triphenylmethane.  1)  Eastman  Kodak  product.  Recrystallized  from  alcohol,  vacuum  sublimed.  M.p. 
91.1-91.8°.  2)  Same  product,  recrystallized  twice  from  alcohol,  M.p.  92.2-92.5*. 

Tetraphenylmethane.  Synthesized  in  benzene  solution  from  triphenylm ethyl  chloride  and  ether-free  phen- 
ylmagnesium  bromide  [12].  Yield:  17*70.  Three  times  recrystallized  from  benzene.  M.p.  282.5-283.5*  (284"). 

Fluorene.  1)  Eastman  Kodak  product.  Vacuum  distilled.  M.p.  115*  (113*).  2)  Additionally  recrystallized. 

Dibenzyl.  1)  Domestic  product.  Vacuum  distilled.  2)  Eastman  Kodak  product.  Vacuum  distilled.  3) 
Domestic  product,  triply  distilled.  M.p,  51-52*  (51-52*), 

Diphenylethane.  Synthesized  from  1,1-diphenylethylene  by  reduction  using  Clemmensen  method  [13]. 
Yield:  37*70.  Vacuum  distilled.  B.p.  135-136*  (12  mm),  268-270*  (760  mm).  n*®D  1.5760  (1.5762). 

sym-Tetraphenylethane.  Diphenylbromom ethane  was  prepared  from  diphenylrnethane  (yield  56*7o)  [14] 
and  tetraphenylethane  was  synthesized  (yield:  44*7o)  from  the  latter  by  condensation  in  the  presence  of  granulated 
zinc  in  dry  ethyl  acetate.  Recrystallized  four  times  from  a  mixture  of  alcohol  and  benzene  (1:2).  M.p.  211-212* 
(211-212*). 

•In  parentheses,  both  here  and  further,  we  indicate  the  constants  of  the  substance  after  the  performance  of  the 
kinetic  experiment. 
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1,1,1-Triphenylethane.  Prepared  [15]  by  tlie  Grignard  reaction  from  triphenylbromomethane  and  methyl 
iodide  (yield:  66%).  Recrystallized  three  times  from  alcohol.  M.p.  94.2-94.7*  (93.2-93.7"). 

1.3- Dlphenylpropne.  Calcium  phenylacetate  was  subjected  to  dry  distillation  [16].  The  dibenzyl  ketone 
(obtained  in  90*^  yield)  was  reduced  by  the  Kizhner  method  [17],  which  was  modified  in  some  details.  This 
method  was  better  both  as  to  yield  {Gl%)  and  tlie  purity  of  the  product,  than  the  Clemmensen  method  [18]. 

Found C  92.14;  H  8.14.  Calculated  *70:  C  91.78;  H  8.22.  B.p.  155-156*  (9-10  mm),  302"  (760  mm), 
d*®20  0.9820,  n*®D  1.5560  (1.557),  MRp  64.29;  calculated  64.26. 

1.4- Diphenylbutane.  1)  Synthesized  by  G.S.  Kolesnikov  and  kindly  given  to  us.  M.p.  52*.  2)  The  same 
product  after  additional  recrystallization  from  a  mixture  of  benzene  and  alcohol  (1:9).  M.p.  52.2-53.0*  (52-52.5*). 

1.5- lMphenylpentane.  Synthesized  similarly  to  diphenylpropane.  Dibenzylacetone  (90*70  yield)  was  ob¬ 

tained  from  calcium  hydrocinnamate,  and  the  diphenylpentane  was  prepared  from  the  latter.  After  five  redis¬ 
tillations  at  165-170*  (9  mm),  the  yield  was  21%  0.9674,  n*®D  1.5492  (1.5492).  MRj)  73.58,  calculated 

73.49. 

Experimental  technique.  The  technique  was  the  same  as  in  the  previous  work  [19].  All  substances  were 
soluble  in  liquid  hydrogen  bromide,*  and  the  solutions  of  some  of  the  substances  were  colored  (most  often  yellow); 
at  times,  tlie  color  intensity  (and  even  the  color  itself  of  the  solution)  changed  with  time  or  after  cooling  of  the 
solution.  The  substances  were  purified  by  redistillation  after  the  experiment  or  by  a  sublimation,  after  which  the 
constants  were  redetermined  (m.p.,  index  of  refraction),  and  these  confirmed  the  absence  of  chemical  changes. 

Experimental  results.  The  experimental  results  are  collected  in  Table  1,  where  ^is  the  duration  of  the 
experiment  in  hours,* •  Pg/Psub  is  the  ratio  of  the  weight  of  solvent  to  the  weight  of  the  substance,  and  Cjub 
are  the  concentration  of  deuterium  (in  atom  °lo)  in  the  hydrogen  bromide  before  the  experiment  and  in  the  water 
from  combustion  of  the  substance  after  the  run.  For  most  substances,  several  series  of  experiments  were  run  with 
different  times,  as  is  evident  from  values  of  c|.  The  number  of  exchanged  atoms  n  was  calculated  by  the  pre¬ 
viously  cited  formula  [20],*** 

It  was  assumed  in  the  calculations  that.under  the  experimental  conditions,  three  hydrogen  atoms  (in  ortho 
and  para  positions)  are  capable  of  exchange  in  each  phenyl  group. 

DISCUSSION  OF  RESULTS 

In  Table  2  we  indicate  the  average  values  of  n  for  times  of  1  and  6  hours,  calculated  for  one  phenyl  group. 
The  values  of  n  for  benzene,  diphenyl  and  alkylbenzenes  were  taken  from  other  publications  [8,  9].  Since  the 
hydrogen  atoms  of  aliphatic  CH-bonds  in  alkaromatic  hydrocarbons  do  not  exchange  with  deuterium  bromide  [9], 
the  values  of  n  for  the  same  duration  of  experiments  characterize  the  relative  reactivity  of  the  aromatic  rings  in 
phenylated  alkanes. 

Data  for  group  I  of  the  substances  permit  one  to  judge  the  dependence  of  the  reactivity  of  the  hydrocarbon 
on  the  type  of  bond  conjugation.  Thus,  in  the  diphenyl  molecule,  the  para  and  ortho  hydrogen  atoms  exchange 
more  rapidly  than  in  the  benzene  molecule  by  three  orders  of  magnimde;  “  5*  10"®;  kCjjHio  “  7-2*10'®. 

This  is  evidently  a  consequence  of  the  conjugation  of  tt -electrons  of  two  aromatic  rings  (tt.tt -conjugation). 

It  is  evident  from  the  experimental  results  on  isotopic  exchange  of  hydrogen  in  tetraphenylmethane  that 
the  phenyl  groups  affect  considerably  tiieir  mutual  reactivity  even  if  they  are  separated  by  a  carbon  atom  and  the 
usual  conjugation  of  tt  -electron  systems  of  two  aromatic  rings  (it.tt  -conjugation)  is  absent.  The  hydrogen  in  tetra¬ 
phenylmethane  is  exchanged  for  deuterium  at  a  rate  that  is  greater  by  two  orders  of  magnitude  than  in  benzene. 
The  spectroscopic  data  agree  well  with  the  conclusion  concerning  the  transfer  of  the  mutual  effects  of  phenyl 
groups  which  are  not  directly  connected  to  each  other.  For  example,  V.F.  Lavrushln  [21]  has  found  that  the  in¬ 
tensity  of  medium  ultraviolet  absorption  bands  in  the  spectra  of  polyphenylmethanes  greatly  exceeds  the  value 

*Only  in  two  experiments  with  (C5H5)4C  (24  and  96  hours)  was  there  a  small  amount  of  an  undissolved  substance. 

**The  number  of  stars  corresponds  to  the  number  of  the  preparation. 

***Part  of  the  hydrogen  atoms  of  fluorene  is  apparently  exchanged  very  rapidly,  and  this  leads  to  the  too  high 
value  of  n  owing  to  the  increase  of  the  deuterium  distribution  coefficient  during  the  freezing  of  the  solution  for 
termination  of  the  reaction  [10]. 
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TABLE  1 

Results  of  Experiments  on  Deuterium  Exchange  with  Liquid  DBr 


(GeH5)2CH, 


1* 

47 

5.41 

0.40 

0  4 

1* 

39 

5.41 

0.50 

0.6 

1  *  *  * 

24 

12.8 

0.92 

0.5 

1  *  *  * 

31 

12.8 

0.92 

0.5 

2* 

54 

1.81 

0.26 

0.8 

2* 

55 

1.81 

0.26 

0.8 

3.2* 

87 

1.37 

0.37 

1.4 

6* 

76 

5.41 

1.84 

1.8 

6** 

75 

5.41 

1.84 

1.8 

(5** 

34 

2.69 

0.88 

2.0 

6** 

36 

2.69 

0.S6 

1.9 

()*• 

28 

2.69 

0.82 

2.0 

2S()* 

41 

1.37 

1.79 

7.5 

14.50* 

51 

1.37 

2.12 

8.4 

(C„H5)4(: 

1 

131 

5.36 

0.20 

0.3 

J 

119 

5.36 

0.21 

0.3 

(i 

124 

6.44 

1 .06 

1.4 

() 

125 

6.44 

1.05 

1.4 

6 

no 

6.44 

0.98 

1.3 

24 

78 

12.8 

3.6 

2.9 

.06 

58 

12.8 

3.65 

2.8 

1 

^CflU^-fluorene 

'1 

lOmin  ** 

42 

5.36 

5.71 

5.1 

lOmin  ** 

.33 

.5.36 

5.27 

5.7 

1** 

40 

5..36 

.5.71 

.5.1 

1** 

35 

5.36 

.5..52 

.5.1 

3* 

54 

1.37 

1.96 

6.2 

6* 

121 

1.37 

2.30 

6.7 

280* 

86 

1..37 

.3.66 

I0.« 

(c„n„).,cn(:ii:, 

1 

44 

12.8 

1.79 

1.0 

1 

46 

12.8 

1.86 

1.1 

(j 

33 

2.69 

1.19 

2.8 

6 

59 

2.69 

1.20 

2.6 

(C„n5)3CCH., 

II  1 

42 

2.69 

0.50 

1.6 

6  1 

43 

2.69 

0.48 

1.5 

(Q.ii.,),(:ncH((:,n-.)., 

1 

36 

12.8 

1.16 

1.0 

J 

37 

12.8 

1.28 

1.3 

6 

46 

2.69 

1.18 

4.2 

1 

34 

12.8 

2.53 

1.7 

1 

28 

12.8 

2.42 

1.7 

6 

49 

2.69 

1.59 

4.3 

6 

42 

2.69 

1  ..59 

4.4 

(Cen6)3CH 


1* 

79 

5.41 

0.07 

1* 

66 

5.41 

0.07 

{ * 

49 

12.8 

0.24 

1* 

36 

12.8 

0.19 

1** 

54 

12.8 

0.22 

1** 

43 

12.8 

0.29 

3.2* 

92 

1.37 

0.06 

6* 

83 

1.37 

0.11 

6* 

94 

5.41 

0.44 

6* 

95 

5.41 

0.44 

280* 

104 

1.37 

1.53 

14.50* 

120 

1..39 

2.36 

(;„I[5(CH,),C„II5 


1** 

108 

1.63 

0.21 

1** 

65 

5.41 

0.61 

1** 

70 

5.41 

0.58 

]  *  «  * 

33 

12.8 

1..38 

'1  *  *  * 

48 

12.8 

1.40 

3.3* 

90 

1.37 

0.46 

6* 

113 

1.37 

0.72 

6** 

95 

1.63 

0.77 

6** 

100 

5.41 

2.72 

6** 

114 

5.41 

2.72 

6*** 

64 

2.69 

1.31 

6*** 

64 

2.69 

1.29 

12** 

78 

1.63 

1.17 

24** 

95 

1.63 

1.55 

22** 

no 

1.63 

2.01 

CflH-,(CH,)4C„H5 


1* 

116 

1.66 

0.39 

1* 

no 

.5.41 

1.31 

1* 

80 

5.41 

1.31 

6* 

78 

1.63- 

0.90 

6** 

72 

2.69 

1.99 

6** 

57 

2.69 

1.98 

12* 

92 

1.63 

1.27 

327* 

100 

1.63 

1.66 

(;„II,(CIl2)5C6H5 


1 

33 

12.8 

2.90 

1 

37 

12.8 

2.80 

II 

45 

2.69 

1..54 

6 

32 

2.69 

1.46 

0.09 

0.09 

0.16 

0.13 

0.14 

0.19 

0.29 

0.54 

0.57 

0.57 

7.3 

11.0 


0.7 

0.7 

0.7 

O.H 

0.8 

1.9 
3.0 
2.7 
3.0 
3.0 
3.0 

2.9 
4.2 
5.5 
7.0 


1.6 

1.8 

1.9 


5.6 
5.8 

5.7 
7.4 


2.4 

2.3 

5.2 

5.3 
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TABLE  2 

Comparison  of  the  Number  of  a  -  and  fl-CH-Bonds,  per  One 
Phenyl  Group,  with  the  Average  Number  of  Exchanged  Hydrogen 
Atoms  n 


Group 

Formula 

M 

pccnanged  num¬ 
ber  of  atoms  n 

in  1  hr 

in  6  hr 

( 

(CoHshC 

0.08 

0.3 

0.(HK)1 

— 

I  J 

CoM.'iQHr, 

0.65 

1.7 

I 

0.25 

0.9 

1 

GoH4CH,CoH4 

2.6 

3.4 

QIIsCH, 

3 

_  ! 

1.0 

2.3 

II  1 

(C„H5),(iH2 

1 

— 

0.25 

0.9 

1 

(CeHslaCH 

1/3 

— 

0.04 

0.16 

(C6H5)4C 

0.08 

0.3 

1 

CnHsCH.CH., 

2 

3 

1.0 

2.4 

m 

(Q,H5),CHCH., 

1/2 

3  2 

0.5 

1.4 

1 

(C„H5).,CCH3 

0 

1 

— 

0.5 

IV  ! 

CellsCIIaCU.CBHs 

2 

1 

0,4 

1.5 

CoIIr,CH,C„H.5 

1 

— 

0.25 

0.9 

Ccn,Gn.>cn2Qn.r, 

2 

— 

0.35 

1.4 

'  1 

(Con5)XllCH(C.cH5)2 

1/2 

— 

0.3 

1.0 

f 

Call.CClIjlsQUs 

2 

0 

0.4 

1.5 

VI  ' 

2 

1 

0.8 

2.2 

1 

2 

2 

0.9 

2.9 

1 

2 

2+27 

1.2 

2.7 

VII  J 

c„n5C(cii3\, 

0 

9 

— 

2.4 

VII  ( 

(G„Il,)3CCHn 

0 

1 

— 

0.5 

VIII  / 

(CoIIr,)..GIl2 

1 

0 

0.25 

0.9 

(GolIsl^CIIGIIa 

1/2 

3;  2 

0.5 

1.4 

iv/ 

(G,,n5);,GGIl3 

0 

1 

0.5 

(G„II,)3Gn 

i/:i 

0 

0.2 

found  by  additivity  in  the  calculation  involving  the  number  of  benzene  rings  in  the  hydrocarbon  molecule.  The 
maximum  deviation  was  noted  in  the  case  of  tetraphenylmethane.  It  is  not  excluded  that  the  reactivity  of  aro¬ 
matic  rings  of  tri-  and  diphenylm ethanes  depends,  to  some  degree,  not  only  on  the  conjugation  of  the  ring  ir- 
electrons  and  die  aliphatic  CH-bond  o  -electrons,  but  also  on  the  above-cited  effect  of  mutual  action  of  benzene 
rings  separated  by  a  carbon  atom.  Hydrogenation  in  diphenylm  ethane  is  exchanged  at  a  slower  rate  than  in  di¬ 
phenyl.  Taking  into  account  the  suppositions  made  above,  the  conclusion  that  the  reactivity  of  aromatic  rings 
in  reactions  of  electrophilic  substitution  of  hydrogen  is  conditioned  less  by  the  o.tt -conjugation  than  by  the  tt.It  - 
conjugation,  becomes  more  and  more  convincing. 

The  closure  of  the  bond  between  the  benzene  rings  of  diphenylm  ethane  provides  some  additional  conjuga¬ 
tion  conditions  both  between  the  tt  -electrons  of  the  aromatic  rings  and  between  them  and  the  o -electrons  of  the 
aliphatic  CH -bonds  of  the  methylene  group.  The  reactivity  of  the  substance  rises  very  considerably.  The  iso¬ 
tope  exchange  of  aromatic  hydrogen  atoms  with  liquid  deuterium  bromide  is  accelerated  considerably.  At  the 
same  time,  the  hydrogen  atoms  of  the  methylene  group  of  fluorene  exchange  with  liquid  deuteroammonia  at  a 
rate  that  is  seven  orders  of  magnitude  greater  titan  die  metlrylene  group  atoms  in  diphenylm  ethane  [22,  23]. 

A  comparison  of  the  effect  of  the  type  of  conjugation  on  the  reactivity  of  hydrocarbons  has  a  qualitative 
character  since  the  concepts  tliemselves  about  bond  conjugation,  in  the  form  in  which  chemists  usually  employ 
them,  are  also  qualitative  [24]. 

The  supposition  about  the  existence  of  a  dependence  of  reactivity  of  phenylated  alkanes  on  the  ratio  be¬ 
tween  the  number  of  aliphatic  CH-bonds  and  of  aromatic  rings  is,  in  general,  confirmed  by  the  experiments. 

Thus,  while  in  the  replacement  of  hydrogen  atoms  in  methane  or  in  ethane  by  phenyl  groups,  a  progressive  increase 
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of  reactivity  is  possible  owing  to  tlie  mutual  effect  of  the  phenyl  groups,  the  rate  of  exchange  with  deuterium 
bromide  declines  successively  in  the  series:  toluene  >  diphenylm ethane  >  triphenylmethane  (Table  2,  group  H), 
and  in  tlie  series:  etliylbenzene  >  1,1-diphenylethane  >  1,1,1-triphenylethane  (group  III). 

Hydrogen  is  exchanged  more  rapidly  In  the  aromatic  rings  of  dibenzyl  than  in  diphenylmethane  (group  IV), 
although  the  rings  are  closer  to  each  otlier  in  the  latter  molecule.  The  results  of  the  experiments  witli  dibenzyl 
and  tetraphenylethane  (group  V)  is  less  clear. 

Tlie  number  of  a-CH-bonds  is  fixed  in  group  VI  of  symmetric  diphenylalkanes,  beginning  with  diphenyl- 
ethane  and  finishing  witli  diphenylpentane.  Hence,  tlie  rate  of  hydrogen  exchange  in  the  aromatic  rings  depends 
on  the  6 -CH -bonds:  the  rate  of  exchange  rises  in  succession:  diphenylethane  <  diphenylpropane  <  diphenyl- 
butane  w  diphenylpentane.  The  a-CH-bonds  are  absent  in  tert-butylbenzene  and  triphenylmethylm ethane  and 
tlie  ratio  between  the  number  of  fl-CH-bonds  and  phenyl  rings  is  different;  the  rates  of  exchange*  are  also  dif¬ 
ferent  (group  VII). 

Like  us,  N.N.  Lebedev  [5]  noted**  the  acceleration  of  the  reaction  (alkylation)  in  passage  from  diphenyl¬ 
methane  (0.092)  to  1,2 -diphenylethane  (0.125)  and  1,4-diphenylbutane  (0.128).  In  the  parentheses  we  showed 
the  rate  constants  of  the  alkylation  reaction  witli  cyclohexyl  chloride  in  nitrobenzene  solution,  expressed  in  min'\ 
According  to  Lebedev,  the  deactivating  effect  of  phenyl  groups  on  each  other  is  decreased  by  the  increase  of  the 
distance  of  separation  between  them,  this  effect  being  dependent  on  the  electronegativity  of  tlie  phenyl  group. 

Tliis  conclusion  was  based  on  tlie  fact  that  the  rate  constant  of  alkylation  of  diphenyl,  according  to  N.N.  Lebedev’s 
measiurements,  is  somewhat  less  than  double  the  rate  constant  for  alkylation  of  benzene.  However,  as  a  rule,  di¬ 
phenyl  reacts  considerably  more  energetically  than  benzene  in  reactions  of  electrophilic  substitution.  Thus,  the 
rate  of  hydrogen  exchange  witli  liquid  deuterium  bromide  is  more  than  three  orders  of  magnitude  higher  [8],  the 
rate  of  chlorination  is  more  than  600  times  higher  [25,  26],  that  of  nitration  “40  times  [27,  28],  bromination  with 
Br^  — 13  times  higher  [29];  acylation  also  proceeds  more  rapidly  (in  Friedel-Crafts  reaction)  for  diphenyl  than  for 
benzene  [30].  Tlicse  facts  contradict  N.N.  Lebedev's  explanation. 

Some  of  the  results  of  this  work  may  be  compared  with  the  data  on  the  proton  mobility  of  hydrogen  atoms 
secured  by  the  method  of  deuterium  exchange  with  liquid  deuteroammonia  and  with  the  solution  of  potassium 
amide  in  it  [22,  31-33].  The  hydrogen  atoms  of  aliphatic  CH-bonds  in  phenylated  methanes  are  more  mobile 
when  the  ratio  CH/Cgtls  is  smaller.  The  hydrogen  of  the  toluene  CH3-group  exchanges  only  under  catalysis  with 
potassium  amide  (k  =  1.4- 10"^  sec"^  at  10®  and  =  0.02  N),  while  hydrogen  of  CH2-  and  CH-groups  in  di- 

and  triphenylmethane  exchanges  with  ammonia  without  a  catalyst.  The  rate  constants  at  120*  are:  k  =  7*  10"* 
and  2‘10"^  sec'\  Facts  are  known  [32]  which  permit  one  to  conclude  tliat  the  mobility  of  hydrogen  atoms  in  the 
CH-bonds  and  in  0 -position  increases  when  the  ratio  between  their  number  and  the  number  of  phenyl  groups  in¬ 
creases  [comparison  of  hydrogen  exchange  in  CgH5C(CH3)3  and  (C6H5)3CCH3,  CgHsfC  1^)403115  and  C3H5(CI%)3C6H5]. 

One  may  approach  the  explanation  of  these  regularities  if  one  considers  for  the  mechanism  of  hydrogen  ex¬ 
change  [10,  33]  tliat  the  deuterium  exchange  with  an  acid  (and  for  other  reactions  of  electrophilic  substitution)  is 
aided  by  an  increase  of  electronegativity  of  the  aromatic  ring,  while  the  deuterium  exchange  with  a  base  (and 
metallation  reaction)  is  aided  by  electropositivity  of  the  hydrogen  atom  of  the  CH-bond.  Consequently,  the  ring 
electronegativity  rises  with  increased  ratio  of  CH/CgHs,  while  the  CH-bonds,  removed  from  the  ring,  also  affect 
this  phenomenon  but  with  a  lesser  weight.  Conversely,  the  greater  is  the  number  of  rings  per  one  CH-bond,  the 
more  positively  charged  and  the  more  easily  protonizable  is  the  hydrogen  atom.  Unquestionably  the  nature  of 
these  phenomena  is  more  complex.  It  appeared  not  so  long  ago  that  the  peculiarities  of  reactivity  of  alkylben- 
zenes  were  singularly  explainable  from  the  point  of  view  of  conjugation  effects.  Judging  by  the  more  recent 
publications  [34,  35],  one  must  also  consider  the  steric  factors,  the  difference  in  degree  of  solvation,  etc.,  i.e., 
actually,  the  phenomenon  is  more  multilateral  than  supposed  earlier. 

Along  with  this,  in  connection  with  our  data  on  the  mutual  effect  of  atoms  in  phenylated  alkanes,  it  should 
be  noted  that  a  recent  communication  [36]  speaks  of  the  hyperconjugation  energy  H  of  a  monoolefin  being  ex¬ 
pressible  in  the  form  of  a  sum:  H  =  aH^^  +  bHg  +  cHy  +  dHg,  where  a^,  b,  c  and  d  are  numbers  of  hydrogen  atoms 


*The  number  of  rings  is  fixed  in  group  VIII  and  the  number  of  either  a  -  or  fl-CH-bonds  is  varied  while,  in  groilp 
DC,  tlie  number  of  bonds  of  both  types  is  varied  with  fixed  number  of  the  rings. 

**Work  of  N.N.  Lebedev  was  published  four  years  after  our  preliminary  paper  [11]  which  is  not  cited  by  him. 
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in  a-,  B-,  y-  and  6 -positions  relative  to  the  double  bond,  while  H^jj,  Hg,  Hy  and  Hg  “is  an  Increment  for  each 
of  the  hydrogen  atoms  in  these  positions. 

We  express  our  gratimde  to  V.  Alksna,  who  participated  in  part  of  the  experiments  and  to  A. I.  Korolev  for 
his  Interest  in  die  work. 

SUMMARY 

1.  Experiments  were  run  on  deuterium  exchange  of  liquid  deuterium  bromide  with  the  following  hydrocar¬ 
bons;  dlphenylmethane,  triphenylmethane,  tetraphenylmethane,  fluorene,  dibenzyl,  sym-tetraphenylethane, 
1,1,1-triphenylethane,  1,3-diphenylpropane,  1,4-dlphenylbutane  and  1,5-dlphenylpentane. 

2.  It  was  shown  that  the  phenyl  rings,  separated  by  a  hydrogen  atom  (in  tetraphenylmethane)  affect  each 
other’s  reactivity. 

3.  The  effect  of  tt.tt-  and  o,7r -conjugation  on  the  reactivity  of  the  aromatic  ring  was  compared. 

4.  Facts  are  cited  which  indicate  the  existence  of  a  dependence  of  reactivity  of  aromatic  rings  in  phenylated 
alkanes  on  the  ratio  of  the  number  of  aliphatic  CH -bonds  in  a  -  and  6 -positions  and  the  number  of  phenyl  groups; 
an  explanation  of  this  rule  is  proposed. 
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REACTION  OF  CYCLIC  AND  HETEROCYCLIC  a-DIKETONES 
WITH  UREA  AND  GUANIDINE 

D.F.  Kutepov,  A. A.  Potashnik,  D.N.  Khokhlov 
and  V.A.  Tuzhilkina 


It  is  known  that  diureides  of  a -diketones  are  formed  in  the  reaction  of  aliphatic  and  aromatic  a -diketones 
with  urea  in  an  acid  medium  [1]. 


U 

I 

CO 

I 

CO 

I 

a 


(11= alkyl,  aryl). 


a 

I 

NH— G— NH 


IICI  ^ 

-f  2(H2N)2C0 - CO 


NH— C— NH 
I 

a 


/ 


CO  4-  2H2O 


We  extended  this  reaction  to  o-quinones.  Under  similar  conditions  there  were  prepared  diureides  of  phen- 
anthrenequinone  and  its  nitro  derivatives  in  yields  of  90^o  [2]. 

In  the  present  work  we  examined  the  reaction  of  urea  with  cyclic  and  heterocyclic  a-diketones.  It  was 
shown  that  cyclic  a-diketones  (1,2-cyclohexanedione  and  chloro-l,2-cyclohexanedione)  react  with  urea  similarly 
to  the  acyclic  a-diketones  and  o-quinones. 


CH2 

CH2  ^0 

I  I 

CH2  CO 

^H^ 


4-  2(H2N)2C0 


HCl 


CH2 


CH 


CH2  C  = 
\  / 
CH2 


NHv 

^CO 


■NH 


-f  2H2O 


The  previously  undescribed  cyclohexanedione  diureide  and  chiorocyclohexanedione  diureide  were  prepared. 

The  chloro- 1,2 -cyclohexanedione  necessary  for  the  synthesis  was  prepared  by  us  by  chlorination  of  1,2- 
cyclohexanedione  in  aqueous  solution,  from  which  precipitated  the  crystalline  chiorocyclohexanedione  with  m.p. 
54-55*.  The  location  of  the  chlorine  was  not  determined  by  us;  however,  this  compound  is  not  3-chloro-l,2- 
cyclohexanedione,  which  has  m.p.  123*  [3]. 

The  heterocyclic  a -diketone,  2,2,5,5-tetramethyltetrahydrofuran-3,4-dlone,  prepared  by  us  by  the  pre¬ 
viously  published  method  [4],  reacts  with  urea  under  similar  conditions  with  formation  of,not  a  diureide,  but  a 
monoureide  of  tetrametUyltetrahydrofurandione.  The  reaction  evidently  proceeds  by  the  following  equation. 


CH3  CH3 

< 


CH3  CH3  OH 

\y  ■  I 

G - C— NH 


C- 


4-  (H2N)2C0 


0 


CO 


\ 


CH3  Vjn3 

Such  monoureides  have  been  described  in  the  literature  [5]. 


-i- 

/\  I 

CH3  CH3  OH 


^CO 

NH 
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It  Is  known  that  the  corresponding  diguanides  [6]  are  formed  by  the  reaction  of  aliphatic  and  aromatic  a- 
diketones  and  o-qulnones  with  guanidine  carbonate  in  an  alkaline  aqueous -alcoholic  medium.  However,  the  re¬ 
action  of  cyclic  and  heterocyclic  a -diketones  wltfi  guanidine  has  not  been  studied. 

It  was  shown  In  the  present  work  that  cyclic  a -diketones  react  with  guanidine  similarly  to  the  acyclic  a- 
diketones  with  formation  of  diguanides. 

Cyclohexanedlone  diguanide  carbonate  was  prepared  by  the  reaction  of  1,2-cyclohexanedlone  with  guani¬ 
dine  carbonate  in  aqueous  alcoholic  medium,  according  to  the  equation 


dig 

CHa^O 

I  I  -j-KHaNlaCNIIlalizCOs 

CHa  CO 

\  / 

CHa 


CHa 

Cila\  = 

I  I 
CHa  C  = 


—  NH 


\CNH 
NH/ 


HaCOg  -f-  2HaO 

2 


We  failed  to  obtain  the  diguanide  of  chloro-l,2-cyclohexanedlone  since  chloro-l,2-cyclohexanedione  de¬ 
composed  under  the  reaction  conditions  (in  alkaline  medium)!  guanidine  does  not  react  with  a-dlketones  in  neu¬ 
tral  or  acidic  medium. 

2,2,5,5-Tetramethyltetrahydro-3,4-furandlone  reacts  with  guanidine  and  forms,  not  a  diguanide,  but  a 
monoguanide  -  tetramethyltetrahydrofurandlone  guanide. 


EXPERIMENTAL 

Cyclohexadione  diureide.  A  hot  solution  of  4  g  of  urea  In  25  ml  of  water,  4-5  drops  of  sulfuric  acid  were 
added  to  2.5  g  of  1,2 -cyclohexanedlone  and  the  whole  was  refluxed  for  five  minutes;  a  precipitate  formed  thereby 
and  this  was  filtered  off  after  cooling,  washed  with  water  and  dried.  3.7  g  (84.6^o)  of  a  colorless  crystalline  pow¬ 
der  was  obtained  which,  after  recrystallization  from  water,  had  m.p.  319-320*  (decomp.). 


Found  *70:  €  48.68,  48.99;  H  5.50,  5.85;  N  28.85,  29.12.  CgHoOzN^.  Calculated  C  48.91;  H  6.13; 

N  28.58. 

Chlorocyclohexanedlone  diureide.  Chloro-l,2-cyclohexanedione  was  first  prepared  by  the  following  method. 
10  g  of  1,2 -cyclohexanedlone  was  dissolved  in  40  ml  of  water.  The  solution  was  cooled  with  ice  water  and 
treated  with  chlorine  with  stirring.  The  resulting  crystalline  precipitate  was  filtered  off,  washed  with  ice  water, 
and  dried  in  air.  6  g  of  colorless  crystalline  substance  was  obtained  with  m.p.  53-55*.  Yield:  46.1*70. 

Found  *70;  C  39.73,  39.26;  H  6.82,  6.68;  €1  18.73,18.72.  CgHTOjCl •  2H2O.  Calculated  *7o:  €  39.50; 

H  6.04;  €1  19.45. 

3.7  g  (76.1*70)  of  a  colorless  crystalline  substance  was  obuined  similarly  from  3.7  g  of  chloro-l,2-cyclo- 
hexanedione  and  4  g  of  urea  dissolved  in  30  ml  of  water,  analogously  to  preparation  of  cyclohexanedlone  diureide. 
M.p.  270-271*. 

Found  *70:  €  42.36,42.69;  H  5.36,  5.49;  N  23.27,  23.23;  €1  15.72,15.66.  CgHuOgN^Cl.  Calculated  *70: 
€41.65;  H4.81;  N  24.29;  €115.38. 

Tetramethyltetrahydrofurandione  ureide.  2  g  of  2,2,5,5-tetramethyltetrahydro-3,4-furandione  and  2  g  of 
urea  were  dissolved  by  heating  in  5  ml  of  water,  two  drops  of  hydrochloric  acid  were  added  and  the  whole  was 
heated  under  a  reflux  condenser  for  30  minutes,  whereby  a  colorless  crystalline  precipitate  formed.  The  pre¬ 
cipitate  was  filtered  off  after  cooling,  washed  with  water  and  dried.  2.4  g  (88*7o)  of  a  substance  was  obtained. 

It  was  recrystallized  from  alcohol.  Decomposition  point:  202-203*. 

Found  *70:  €  50.20,50.39;  H  8.30,  8.06;  N  13.28,  13.25.  CgHigOgNg.  Calculated  *70:  €  49.99;  H  7.46; 

N  12.96. 

Cyclohexanedlone  diguanide  carbonate.  A  hot  solution  of  6.4  g  of  guanidine  carbonate  and  25  ml  of  water 
was  added  to  a  hot  solution  of  4  g  of  1,2 -cyclohexanedlone  in  50  ml  of  alcohol  and  the  whole  was  refluxed  for 
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2-3  minutes;  a  colorless  crystalline  precipitate  was  formed  thereby,  which  was  filtered  off  after  cooling,  washed 
with  water  and  dried.  5.6  g  (61.4‘5l»)  of  a  colorless  crystalline  substance  with  decomposition  point  of  189-190* 
was  isolated.  The  decomposition  point  failed  to  change  after  a  recrystallization  from  water. 

Found ‘fc  C  41.66,  41.88;  H  7.07,  6.83;  N  32.54,  32.81.  CgHuNg •  HjCO,.  Calculated  <70;  C  42.19; 

H  6.26;  N  32.81. 

Tetramethyltetrahydrofurandlone  guanide.  A  hot  solution  of  7  g  of  guanidine  carbonate  in  40  ml  of  water 
was  added  to  a  hot  solution  of  6  g  of  2,2,5-5-tetramethyltetrahydro-3,4-furandione  in  20  ml  of  alcohol  and  the 
whole  was  heated  under  a  reflux  condenser  for  20  minutes.  The  resulting  precipitate  was  filtered  off  after  cool¬ 
ing,  washed  with  30*^  alcohol  and  dried.  7.6  g  of  a  white  powder  was  isolated.  Yield:  92.7*70.  It  was  recrystal¬ 
lized  from  water.  Decomposition  point:  225*. 

Found  *70;  c  50.17;  H  8.00;  N  20.23.  C,H„0,N|.  Calculated  *70;  C  50.21;  H  7.96;  N  19.53. 

SUMMARY 

1.  Cyclic  a-diketones  react  with  urea  and  guanidine  similarly  to  the  acyclic  a -diketones  and  o-quinones, 
widi  formation  of  diureides  and  diguanides. 

2.  The  heterocyclic  a -diketone,  2,2,5,5-tetramethyltetrahydro-3,4-furandione  reacts  with  urea  and  guani¬ 
dine  under  similar  conditions,  forming  the  monoureide  and  the  monoguanide. 
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STUDIES  IN  THE  FIELD  OF  CHEMISTRY  OF  FREE  RADICALS 
OF  THE  HYDRAZINE  SERIES 

1.  SOME  DERIVATIVES  OF  a,a-DIPHENYL-e -PICRYLHYDRAZYL 

R. O.  Matevosyan,  I.Ya.  Postovskli  and  A.K.  Chirkov 

S. M.  Kirov  Ural  Polytechnic  Institute 


The  technique  of  the  electronic  paramagnetic  resonance  [1]  is  one  of  the  physical  methods  permitting  one 
to  determine  the  presence  of  unpaired  valence  electrons  In  free  radicals.  Thus,  for  example,  a  series  of  stable 
hydrazine  radicals,  such  as  a,a-dIphenyl-6-picrylhydrazyl  [2,3],  a-9-carbazolyl-a-phenyl-fl-plcrylhydrazyl 
[3,4],  a,a-dipIienyl-2,4-dinitro-6-sulfophenylhydrazyl  [5]  and  some  p,p’ -substituted  derivatives  of  a.ot-diphenyl- 
fl -plcrylhydrazyl  [6]  have  been  studied  by  tliis  method. 

The  application  of  the  paramagnetic  resonance  method  allows  one  to  study  the  effect  of  various  substituents 
in  the  free  radical  on  the  unpaired  electron. 

As  objects  of  our  study  we  chose  monohalo  derivatives  of  ot,a-diphenyl-fl -plcrylhydrazyl  (I)  with  sub¬ 
stituents  X  in  para  position  in  the  phenyl  ring  (U-IV). 


X— / 
\. 


NOj 

\ _ 

N— N— N— NO.,  X  =  H  (1):  F  (II);  Cl  (IJI);  Br  (IV). 

I  •  N _ / 

/ 

NO.^ 


\/ 


Two  of  these  hydrazyls  (II  and  III)  were  prepared  for  the  first  time.  The  synthesis  of  these  compounds  was 
accomplished  by  the  following  scheme: 


X— ^  NIL, 


NHf)OCC,H,CI-o^  ''n _ 

^  ,/  \/‘ 

/ 


NH 


X-/  \ 

-<U1,  /  \/' 

(VI)  (70-80“/,) 


coon 

(V)  (75-80“/.) 


_  'N  — N=0 

/  \/ 

\ _ / 

(VII)  (80-85“/o) 


111 


X— 


Zn 

(ClInCOOIl) 


\ 

/  \/ 

\ _ / 

(VIII)  (30-35“/,) 


*-«>CII.)-2.3.5-(N<>,)-C.I), 
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X— 


/■ 
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\/ 
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"  .NO., 

\ _ / 

(IX)  (CO-'jO/o) 


iN02 

\, 

.i_/'  \ 

^  \ _ / 

/ 

NO2 

(X)  {75-8OV0) 


■NO., 


Radical  (IV).  containing  bromine  as  well  as  an  unsubstituted  radical,  was  prepared  according  to  Goldschmidt 

[7]. 

The  hydrazyls  are  soluble  in  chloroform  with  an  intense  permanganate  color,  and  crystallize  well  from  a 
mixture  of  chloroform  and  ether  in  the  form  of  black-violet  plates;  they  are  not  noticeably  changed  after  pro¬ 
longed  storage  in  air. 

The  exchange  interactions  of  the  unpaired  electron  in  respect  to  the  presence  of  one  or  another  halogen 
in  para -position  in  the  phenyl  residue  were  examined  by  the  method  of  electronic  paramagnetic  resonance  in 
the  radicals  prepared  by  us.  The  measurements  were  done  by  the  method  of  the  network  current  devised  by 
Zavoiskii  [8].* 

It  is  known  that  the  form  of  the  curve  of  paramagnetic  resonance  absorption  is  regarded  as  a  characteristic 
of  exchange  interactions  [10].  The  form  of  the  absorption  curve  is  characterized  by  the  relationship  of  the  fourth 
moment  to  seccMid:  M4/M2.  The  moment  of  n-th  order  is  equal  to 

~  w=.30  ni/n 

[  A  (//)  lV*dU 

B  =  0 _ 

■^In  n=co 

(*  A  (//)  dn 
-  »/=() 


For  Gaussian  form  of  the  line,  the  relation  M^/Mj  =  1.32,  The  considerable  exchange  interaction  occurs  if 
this  value  is  close  to  1.4  or  above.  Thus,  for  a,a -diphenyl-6 -picrylhydrazyl  it  was  found  [11]  that  this  value  is 
equal  to  1.44.  It  was  established  in  a  study  of  the  superfine  structure  of  this  radical  that  the  density  of  unpaired 
electrons  is  uniformly  distributed  between  both  nitrogen  atoms  [12]  while  in  the  carbazyl  analog  the  electron 
density  is  greater  at  one  of  the  nitrogen  atoms  [5].  Thus,  it  is  possible  to  characterize  the  mobility  and  the 
peculiarities  of  the  properties  of  unpaired  electrons  in  any  radical  by  a  study  of  the  exchange  interactions. 

The  greater  are  the  exchange  interactions,  the  more  mobile  is  the  unpaired  electron,  as  if  it  were  delocal¬ 
ized,  while,  conversely,  the  smaller  are  the  exchange  interactions,  the  less  mobile  and  more  localized  is  the  un¬ 
paired  electron.  The  width  of  the  lines  of  the  curve  of  paramagnetic  resonance  may  thus  serve  as  a  characteristic 
of  the  degree  of  delocalization  of  the  unpaired  electron  [1,  6]:  the  narrower  is  this  width,  the  greater  is  the  de- 
localization  (greater  possibilities  for  conjugation  with  it  -electrons  of  the  rings),  and,  conversely,  the  wider  is  the 
curve,  the  smaller  is  the  delocalization  (less  possibility  for  conjugation  with  tt  -electrons  of  the  rings). 


Fig.  1.  Oscillograms  of  curves  of  paramagnetic  absorption  by  radicals:  1)  a,a- 
diphenyl-6  -picrylhydrazyl  (1);  2)  a  -p-chlorophenyl-a  -phenyl- 6  -picrylhydrazyl 
(3);  3)  a  -p-bromophenyl-a  -phenyl- 6  -picrylhydrazyl  (4);  4)  a  -p-fluorophenyl- 
a -phenyl -6 -picrylhydrazyl  (2). 


•Detailed  data  on  measurement  of  paramagnetic  resonance  in  compounds  which  are  described  in  this  paper  are 
given  in  [9]. 
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The  photographs  of  the  oscillograms  of  resonance  absorption  curves  for  these  radicals  are  given  in  Fig.  1. 
The  measured  values  of  g-factor,  width  of  the  curve  between  points  of  maximum  slope  AH,  the  ratio  of  moments 
M4/M2,  as  well  as  values  of  A,  [xroportional  to  the  imaginary  part  of  the  susceptibility  f",  are  given  in  Table  1. 
The  ratio  of  the  fourth  moment  to  the  second  was  determined  by  numerical  integration  of  the  experimental  curve 
of  absorption. 


TABLE  1 


Sub-  1 
stltu- 
ents  X 

1  g -Factor 

1 

Af,/Af, 

AH 

(oersteds) 

A 

M 

2.0042  ±  0.0004 

1.43  ±  0.02 

1.0  ±  0.15 

300 

Cl 

2.(K)1  ±  0.001 

1.42  ±  0.02 

1.2  ±  0.15 

2‘M) 

l\r 

2.002  ±  0.002 

1.40  ±  0.02 

2.2  ±  0.15 

170 

F 

2.(M)0  ±  0.004 

Weak  line 

4.1  -I  0.5 

20 

As  is  evident  from  the  data  in  Table  1  and  in  the  photographs  above  taken  from  the  oscillograms,  the 
greatest  exchange  interaction  occurs  with  the  unsubstituted  a, a -diphenyl-6 -picrylhydrazyl  (I),  and  the  bromo 
derivative  (IV)  displayed  a  much  smaller  exchange  interaction.  For  the  a -p-fluorophenyl -a -phenyl-6 -picryl¬ 
hydrazyl  (II)  a  minimum  exchange  interaction  was  found,  which  indicates  the  maximum  stabilization  (localiza¬ 
tion)  of  the  unpaired  electron  at  one  of  the  nitrogen  atoms  of  the  radical  (II). 

In  the  work  of  Walter  and  his  co-workers  [6],  in  which  data  are  cited  about  the  paramagnetic  resonance  of 
p,p'-dIhalo  derivatives  of  picrylhydrazyl  (I),  the  fluorine -containing  radical  also  shows  the  smallest  exchange 
interaction.  Thus,  once  more,  the  rule  Is  confirmed  according  to  which  the  electron  acceptor  groups  in  the  hy- 

drazyl  radical  series  act  oppositely  to  their  action 
in  the  triphenylmethyl  radical  series  [13, 14], 

In  addition  to  the  study  of  the  paramagnetic 
electronic  resonance,  it  was  interesting  to  study  the 
absorption  spectra  of  hydrazines  and  the  radicals  ob¬ 
tained  from  them  both  in  ultraviolet  and  in  visible 
regions.  The  spectra  of  the  hydrazines  (K),  with 
various  substiments  in  the  ultraviolet  region  of  the 
spectrum,  do  not  differ  materially  from  each  other. 
Similarly,  the  ultraviolet  spectra  of  the  radicals  do 
not  show  differences  among  themselves  330 

to  335  m/i).  All  the  hydrazines  synthesized  by  us 
gave,  in  the  visible  part  of  the  spectrum,  some  anal¬ 
ogous  shallow  absorption  curves  without  characteris¬ 
tic  maxima. 

A  different  picture  was  obtained  for  the  radi¬ 
cals  in  the  visible  part  of  the  spectrum.  All  the 
radicals  had  a  maximum  at  X  520  mfi,  while  the 
intensities  of  absorption  differed  considerably  from 
each  other  depending  on  the  substiment  in  the  para  - 
position.  The  greatest  intensity  was  shown  by  the 
unsubstituted  radical,  the  smallest  -  the  fluoro  deriv¬ 
ative  (Fig.  2). 

The  fact  that  a  low  intensity  of  the  maxima  in  the  absorption  spectra  for  the  fluoro  derivative  and  the  in¬ 
tensity  of  absorption  maxima  in  the  absorption  spectrum  of  other  derivatives  are  in  the  same  order  as  the  ex¬ 
change  Interactions  calls  attention  to  itself,  as  possibly  this  Is  not  purely  accidental. 

We  suppose  that  a  furtlier  study  of  the  free  radicals  with  various  substituents  by  the  method  of  electronic 
paramagnetic  resonance  will  permit  the  development  of  a  number  of  new  aspects  of  electronic  structure  of  these 
compounds. 


^ - V  NO, 

v_^  \  I 

\ _ /\  / — \ 


/ - \/ 

\ _ / 


NO,. 


NO, 


Values  of  X:  /  —  II,  S  -  Mr,  3  —  Cl.  <  —  F. 
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EXPERIMENTAL 


p-(X)-IMplienylaminecarboxyllc  acids  (V).  p-Chloro-  and  p-fluorodiphenylamine-o-carboxylic  acids  were 
prepared  according  to  Ullmann  [15, 16]  by  heating  p-fluoro-  and  p-chloroaniline  with  sodium  o-chlorobenzoate 
in  the  presence  of  finely  divided  copper.  p-Fluorodiphenylamine-o-carboxyUc  acid  was  prepared  in  82*^0  yield; 
m.p.  196-200*  (190-200*  [16J);  p-chlorodiphenylamine-o-carboxyllc  acid— in  80®^  yield;  m.p.  175-177*  (177* 
[15]). 

p-Fluoro-  and  p-chlorodiphenylamines  were  prepared  by  decarboxylation  of  the  corresponding  p-(X)-di- 
phenylamine-o -carboxylic  acids  by  heating  to  above  their  melting  points  by  10-15*  [15, 16].  p-Fluorodiplienyl- 
amlne  was  prepared  in  83*70  yield;  m.p.  34-36*  (36*  [16]);  p-chlorodiphenylamine  —  in  85®7o  yield;  m.p.  72-74* 
(74*  [15]). 

p-(X)-Dlphenylnitrosamlnes  (VII).  0.3  mole  of  concentrated  hydrochloric  acid  was  added  with  energetic 
stirring  to  a  solution  of  0.06  mole  of  p-(X)-dipheny famine  in  ethyl  alcohol  and,  at  a  temperature  of  —2*  to  0*. 
a  solution  of  0.12  mole  of  sodium  nitrite  in  water  was  added  with  good  cooling.  The  nitrosamine  (VII)  separated 
in  the  form  of  a  light  green  precipitate  after  addition  of  a  small  amount  of  water.  It  formed  almost  colorless 
prisms  after  recrystallization  from  ligroin.  The  nitrosamines  were  soluble  in  the  cold  in  alcohol,  chloroform  and 
ether.  The  solutions  are  colored  green  with  concentrated  hydrochloric  acid.  The  analytical  data  and  the  proper¬ 
ties  of  the  nitrosamines  are  given  in  Table  2. 


TABLE  2 
Nitrosamines  (VII) 


Substituent 

Yield 

Form  of  crystals 

M.p. 

Empirical 

*70  N 

(X) 

(in  % 

formula 

found 

calc. 

F 

84 

Prisms  with  lettuce 

color 

48-51* 

CaHjON^F 

12.86 

12.95 

Cl 

80-85 

Light-yellow  prisms 

84-87 

C12H9ON2CI 

12.32 

12.07 

a-p-(X)-Phenyl-ot-phenylhydrazines  (VIII).  A  1.5-fold  amount  of  zinc  dust,  relative  to  weight  of  (VII) 
was  added  to  0.04  mole  of  nitrosamine  (VII)  in  alcohol.  Glacial  acetic  acid  was  added  in  small  portions  with 
energetic  shaking  at  —4*  to  0*.  The  reaction  was  regarded  as  complete  when  a  drop  of  the  reaction  mixture, 
added  to  concentrated  hydrochloric  acid,  failed  to  give  a  green  color  in  the  solution. 

The  reaction  mixture  was  heated  to  boiling  and  was  filtered  by  suction  from  the  solids.  The  mother  liquor 
was  distilled  to  of  original  volume  and,  after  dilution  with  an  equal  volume  of  water,  was  treated  with  a  large 
excess  of  concentrated  hydrochloric  acid.  The  hydrazine  hydrochloride  (VIII)  precipitated  from  the  cooled  solu¬ 
tion.  This  was  separated  and  washed  with  a  small  volume  of  alcohoL 

The  hydrazine  hydrochlorides  were  obtained  in  the  form  of  colorless  needles,  after  recrystallization  from 
alcohol;  they  darkened  after  standing  in  air.  TThey  are  difficultly  soluble  in  cold  alcohol,  and  readily  soluble  in 
warm  water;  they  do  not  have  a  sharp  melting  point  and  decompose  after  preliminary  darkening.  The  yields  and 
the  analytical  data  are  given  in  Table  3. 


TABLE  3 

Hydrazine  Hydrochlorides  (VIII) 


Substiment 

Yield 

Empirical 

•70  N 

(X) 

(in  *70) 

formula 

found 

calc. 

F 

30-40 

CaHiiNjF  •  HCl 

11.65 

11.76 

Cl 

30-35 

CtjHuNjCl-  HCl 

11.01 

11.02 

The  hydrazine  hydrochlorides  (VIII)  were  treated  at  room  temperature  with  2-N  sodium  hydroxide  solution 
for  liberation  of  the  free  bases.  The  bases  (VIII)  were  extracted  with  etlier  and  the  ethereal  extracts  dried  over 
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solid  sodium  hydroxide.  After  the  ether  had  been  distilled  off,  the  hydrazines  were  vacuum  distilled;  they  were 
colorless  oils,  readily  soluble  in  alcohol,  chloroform  and  ether.  The  hydrazines  dissolved  in  strong  sulfuric  acid 
with  development  of  a  dark  blue  color.  The  fluoro  derivative  had  b.p.  166-167*  (1  mm);  yield:  30-40®^.  Chloro 
derivative  had  b.p.  186-188*  (1  mm);  yield:  30-35®/o. 

The  hydrazines  were  characterized  in  the  form  of  their  hydrazones  with  benzaldehyde  and  p-nitrobenzalde- 
hyde.  These  compounds  were  obtained  in  quantitative  yields.  'Hie  properties  and  the  analysis  of  the  products 
are  shown  in  Table  4. 

TABLE  4 

Hydrazones  x— _ 

^ ^  N-N=CH-/  \-Y(Z):  Y=H,  Z=NO,. 

/  \/  \ / 

\ _ / 


Substituent 

M.p. 

Form  of  crystals 

Empirical 

^0  N 

(X) 

formula 

found 

calc. 

P 

Y  98-100* 

Colorless  needles 

C^HisNzF 

9.91 

9.65 

Z  164-166 

Orange  prisms 

12.72 

12.53 

Cl 

Y  119-121 

Colorless  needles 

CuIlgNjCl 

9.32 

9.15 

Z  150-151 

Orange  prisms 

CjsHnOjNjCl 

12.17 

11.96 

a -p-(X)-Phenyl-a -phenyl- fl-picryBiydrazines  (DC).  A  solution  of  0.01  mole  of  2,4,6 -trlnitroanisole  (m.p. 
58-59*)  in  chloroform  was  added  at  room  temperature  to  0.01  mole  of  p-(X)-diphenylhydrazine  in  chloroform. 
The  chloroform  was  distilled  from  the  dark  red  solution  on  a  steam  bath  to  of  the  original  volume  and  two 
volumes  of  hot  alcohol  was  added  to  the  evaporated  solution.  Crystals  of  picrylhydrazines  precipitated  on  cool¬ 
ing.  These  were  separated  and  washed  with  a  small  volume  of  ether.  Large  red  or  orange  crystals  were  obtained 
from  glacial  acetic  acid,  which  were  difficultly  soluble  in  hot  alcohol,  ether  and  benzene  and  readily  soluble  in 
chloroform  and  hot  acetic  acid.  The  properties  and  the  analyses  of  the  hydrazines  (DC)  are  shown  in  Table  5. 


TABLE  5 
Picrylhydrazines  (DC) 


Sub- 

stitu- 

Yield 

Form  of 

M.p. 

Empirical 

formula 

Found  (in  ^o) 

Calc,  (in  °1o) 

ents 

X 

crystals 

c 

11 

N 

C  1 

1 

H 

1  ^ 

F 

73—75 

Bright  red 
prisms 

177-179° 

CigHi20eN5F 

52.46 

3.25 

16.79 

52.42 

2.91 

16.84 

Cl 

70-75 

Red  prisms 

182—184 

50.38 

2.94 

16.37 

.50.34 

2.79 

16.20 

Br 

60—65 

Orange  prisms 

179— ISO 

CigHi2O0N5Br 

15.00 

- 

14.77 

Oxidation  of  hydrazines  (DC)  into  radicals  (X).  0.2  mole  of  lead  dioxide  and  0.01  mole  of  anhydrous  sodium 
sulfate  were  added  to  0.015  mole  of  p-(X)-diphenylpicrylhydrazine  (DC)  in  dry  chloroform.  The  reaction  mixture 
was  shaken  for  one  hour.  Then,  the  deep  violet  solution  was  separated  from  the  solid.  Chloroform  was  distilled 
from  the  filtrate  under  vacuum  to  Vs  the  original  volume.  Two  volumes  of  anhydrous  ether  was  added  to  the 
residue.  A  black-violet  crystalline  precipitate  of  the  radical  formed  from  the  resulting  solution  after  many  hours 
of  standing;  this  was  purified  by  reprecipitation  with  ether  from  a  chloroform  solution. 

The  hydrazyls  were  very  difficultly  soluble  in  alcohol  and  ether;  readily  soluble  in  chloroform  and  benzene. 
They  rapidly  passed  into  the  hydrazines  after  reaction  witli  an  alcoholic  solution  of  hydroquinone.  The  yields, 
melting  points  and  analyses  of  the  radicals  are  shown  in  Table  6. 
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TABLE  6 


Picrylhydrazyls  (X) 


Substituent 

(X) 

M.p. 

Empirical 

formula 

°Jo  N 

found 

calc. 

F 

80 

163-164* 

CisHiPeNsF 

16.64 

16.99 

Cl 

75-80 

161-162 

CuHnOeNjCl 

16.15 

16.35 

Br 

80-85 

153-154 

CuHiPeNsBr 

14.91 

14.91 

SUMMARY 

1.  Radicals  of  the  hydrazine  series  were  synthesized  as  follows:  a, a -diphenyl- fl-picrylhydrazyl  (I),  and 
its  fluoro-  (II),  chloro-  (in)  and  bromo-  (IV)  derivatives.  Compounds  (II)  and  (HI)  were  prepared  for  the  first 
time. 


2.  It  was  established  during  the  study  of  exchange  interactions  of  the  unpaired  electron  by  the  method  of 
paramagnetic  resonance  that  the  greatest  exchange  interactions  are  displayed  by  the  unsubstituted  hydrazyl  (I), 
and  the  smallest  —  by  the  fluoro  derivative  (II).  Tliis  indicates  the  considerably  greater  localization  of  the  un¬ 
paired  electron  in  this  radical  in  comparison  with  the  unsubstituted  radical. 
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PYRIDINE  DYES  -  DERIVATIVES  OF  SECONDARY  AMINES 

N.E.  Grigor'eva,  I.K.  Gintse  and  Z.M.  Afanas’eva 
Kliarkhov  State  University 

Pyridine  dyes,  derivatives  of  secondary  amines,  have  not  been  studied  sufficiently  [1,2].  In  color  and 
chemical  properties  they  differ  sharply  from  the  corresponding  derivatives  of  primary  amines.  A  comparison  of 
the  data  presented  in  Table  1  shows  that  the  unsubstituted  dye  has  a  deeper  color  than  the  N-alkyl  derivatives 
and  that  substitution  of  the  hydrogens  of  the  amine  groups  by  phenyl  radicals  has  no  effect  at  all  on  the  displace¬ 
ment  of  the  absorption  maximum. 

TABLE  1 


Absorption  Maxima  and  Extinction  Coefficients  of  Dyes  in 
Etliyl  Alcohol  and  in  Ethyl  Alcohol  in  the  Presence  of  Hydro 
chloric  Acid 


Ri  Rj 

1  1 

Ethyl 

alcohol 

Ethyl  alcohol 
+  HCl 

Sa  111 
pie 

No. 

fC,ILN-(CH).-N-C,H5nc|- 

^rnax 

(nip) 

e  •  10-< 

^max 

(mp) 

t  ■  io-‘ 

1 

II 

487 

4.0 

487 

8.8 

2 

CII, 

4.80 

8.3 

4.'j0 

8.5 

3 

C2H5 

442 

().() 

442 

6.8 

4 

487 

0.4 

1 

487 

0.0 

The  derivative  of  aniline  is  readily  hydrolyzed,  acid  suppresses  the  hydrolysis  and  in  an  acid  medium  the 
extinction  coefficient  is  increased  by  a  factor  of  two  or  more,  while  the  absorption  intensity  of  secondary  amine 
derivatives  hardly  changes  on  the  addition  of  acid.  It  was  previously  shown  that  the  hydrolysis  of  pyridine  dyes 
that  were  primary  amine  derivatives  depended  inversely  on  the  basicity  of  the  cation  [3].  A  comparison  of  the 
data  in  Table  1  indicates  that  the  derivatives  of  secondary  amines  are  not  hydrolyzed.  Table  1  shows  the  results 
of  optical  measurements  on  freshly  prepared  solutions;  if  the  color  intensity  changes  of  the  same  dyes  with  time 
are  followed  in  relation  to  tlie  concentration,  then  it  is  seen  that  secondary  amine  derivatives  are  also  hydrolyzed 
and  the  more  rapidly  the  lower  the  basicity  of  the  cation  and  the  dye  concentration. 

As  a  comparison  of  the  extinction  coefficients  shows,  the  N -methyl  substituted  dye  is  hydrolyzed  less  than 
the  others  and  the  diphenylamine  derivative  is  strongly  hydrolyzed.  The  facts  presented  indicate  that  the  hy¬ 
drolysis  of  secondary  amine  derivatives  is  also  connected  with  the  basicity  of  tlie  cation  and  not  only  the  charac¬ 
ter  of  the  radical,  but  also  its  volume  has  an  effect  on  the  degree  of  it.  The  higher  color  of  the  N-ethylaniline 
derivative  and  its  higher  hydrolysis  rate,in  comparison  with  the  methylaniline  derivative,  is  probably  caused  by 
the  greater  steric  hindrances  in  its  molecule.  The  N-phenyl  substituted  dye  we  prepared  did  not  differ  in  color 
from  the  aniline  derivative,  but  the  absorption  intensity  of  its  solutions  was  less  under  the  same  conditions  than 
in  the  case  of  the  latter.  It  is  probable  that  replacement  of  the  hydrogens  at  tlie  nitrogen  by  phenyl  radicals  also 
destroys  the  planarity  of  the  structure  of  the  molecule,  but  to  a  lesser  extent  than  with  alkyl  derivatives  (Tables 
1  and  2). 
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TABLE  2 


Changes  In  the  Extinction  Coefficients  of  Dyes  in  Alcohol  Solutions  in  the  Presence  of 
Hydrochloric  Acid  with  Time  (in  hours)  for  Two  Concentrations  at  22* 


Sample  No. 

U,  11, 

1  1 

lC,Hj-N-(CH)*-N-C,H.l^Cl- 
U,  =  II,  = 

1  •  •  10-« 

c  = 

0.5  •  10"'  M.  1 

C  =  0.5  .  10~‘  M. 

Time 

0 

5 

20 

0 

5 

20 

1 

H 

10.2 

5.0 

8.8 

1.8 

2 

CHt 

8.6 

— 

7.9 

8.5 

— 

7.5 

3 

6.9 

5.8 

3.7 

6.8 

— 

2.5 

4 

CeHj 

7.3 

3.5 

0.8 

6.6 

2.0 

0.1 

Konig  [4]  noted  that, in  the  metiiylaniline  derivative,  the  terminal  units  of  the  absorbing  system  are  ap¬ 
parently  die  methyl  groups;  the  benzene  rings  have  a  weak  effect  on  the  absorption  of  this  dye  and  it  hardly  dif¬ 
fers  in  color  from  alkylamine  derivatives.  However,  in  comparison  with  the  dimethylamlne  derivative,  the  ab¬ 
sorption  maximum  of  the  methylanillne  derivative  shows  a  bathochromic  shift  of  38  mji  [5].  Consequently,  the 
benzene  rings  participate  in  the  conjugation,  but  it  is  hindered. 

In  the  hydrolysis  of  dyes  that  are  primary  amine  derivatives,  hydrogen  chloride  is  eliminated  to  form  yel¬ 
low  compounds,  dianils  of  glutaconic  aldehyde.  Treatment  of  alcohol  solutions  of  the  secondary  amines  with  al¬ 
kali  causes  decolor! zation  and  in  the  spectra, bands  appear  in  the  near  ultraviolet,  which  coincide  almost  com¬ 
pletely  with  tlie  bands  of  the  corresponding  monoanils  of  glutaconic  aldehyde. 


ElO'* 


Fig.  1.  Absorption  spectra  of  dye  —  diphen- 
ylamine  derivative:  1)  in  96*1/0  ethyl  alco¬ 
hol:  2)  the  same  +  40  equiv.  NaOH;  3)  the 
same  +  40  equiv.  NaOH  +  excess  HCL 


ei6* 


Fig.  2.  Absorption  spectra  of  dye  — 
methylanillne  derivative:  1)  in  96*70 
ethyl  alcohol;  2)  the  same  +  40 
equiv.  NaOH;  3)  the  same  +  40 
equiv.  NaOH  +  excess  HCL 


Figures  1  and  2  show  absorption  spectra  of  dyes  that  are  diphenylamine  and  methylanillne  derivatives  in 
neutral  and  in  alkaline  media  and  after  acidification  of  an  alkaline  solution.  The  addition  of  acid  to  a  dilute 
solution  partially  restores  the  color  of  the  diphenylamine  derivative;  in  concentrated  solutions,  the  color  of  the 
methylanillne  derivative  is  also  restored.  Figures  3  and  4  show  the  spectra  of  the  corresponding  monoanlls  of 
glutaconic  aldehyde.  It  can  be  p>ostulated  that,in  the  hydrolysis  of  secondary  amine  derivatives,  carbinol  bases 
are  formed  and  these  then  decompose  to  the  corresponding  amines  and  monoanils  of  glutaconic  aldehyde. 
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Fig.  3.  Absorption  spectra  of  the  N- 
phenyl  monoanil  of  gluta conic  alde¬ 
hyde:  1)  in  9570  ethyl  alcohol:  2)  the 
same  +  40  equiv.  NaOH;  3)  the  same  + 
40  equiv.  NaOH  +  excess  HCl. 


Fig.  4.  Absorption  spectra  of  the  N- 
m  ethyl  monoanil  of  gluta  conic  alde¬ 
hyde:  1)  in  95‘7o  ethyl  alcohol;  2)  the 
same  +  40  equiv.  NaOH;  3)  the  same  + 
40  equiv.  NaOH  +  excess  HCL 


The  carbinol  base  of  the  methylaniline  derivative  decomposed  very  rapidly  due  to  the  high  basicity  of  the 
nitrogen  of  the  amine  group,  to  which  the  hydrogen  of  the  hydroxyl  migrated.  The  decomposition  of  the  car¬ 
binol  base  of  the  diphenylamine  derivative  proceeds  slowly  and.after  the  addition  of  excess  acid,  the  unchanged 
carbinol  base  again  forms  the  dye.  The  monoanils  are  capable  of  condensing  with  amines  in  the  presence  of 
acids  to  form  dyes,  but  this  reaction  does  not  occur  in  dilute  solutions  and  there  is  partial  decomposition  of  the 
monoanil  into  the  corresponding  amine  and  glutaconic  aldehyde,  while  the  corresponding  bands  appear  in  the 
spectra. 

Elimination  of  tlie  amine  in  the  hydrolysis  of  dyes  that  are  secondary  amine  derivatives,  like  their  high 
color,  is  possibly  caused  by  steric  hindrance,  which  may  be  considerable  only  if  the  molecule  of  the  pyridine 
dyes  is  as.sumed  to  have  a  cyclic  structure  [6].  Their  hydrolysis  may  be  represented  by  the  scheme 


In  heterocyclic  compounds  of  similar  structure,  the  ring  bonds  (C-N;  C— O)  must  be  very  much  weakened 
due  to  the  increase  in  the  electron  density  at  the  a -carbon  atoms;  partial  polarization  of  the  ring  bond  causes 
the  absorption  of  light  in  the  visible  region.  Depending  on  the  nature  of  the  radicals  at  the  nitrogen  atom,  the 
molecule  may  have  either  a  planar  structure  or  the  aromatic  rings  destroy  the  planarity  and  the  color  is  height¬ 
ened  as  with  N -alkyl  substituted  dyes. 

The  question  of  the  formation  mechanism  and  the  structure  of  pyridine  dyes  has  already  been  discussed  [6]. 
New  experimental  data  was  obtained,  confirming  the  hypothesis  presented  on  the  structure  of  the  pyridine  dyes. 

A  special  article  will  be  devoted  to  this  problem. 
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EXPERIMENTAL 


The  N -alkyl  substituted  dyes  were  prepared  by  the  metliod  of  Zincke  [1],  Besides  the  previously  described 
methylaniline  derivative,  we  syntliesized  and  examined  the  N-methyl-p-toluidine  [7]  and  N-methyl-fl -naphthyl- 
amine  [8]  derivatives.  Condensation  of  dlphenylamine  with  the  sodium  enolate  of  glutaconic  aldehyde  [9]  in  the 
presence  of  hydrochloric  acid  yielded  the  N -phenyl  substituted  dye. 

The  secondary  amine  derivative  dyes  were  readily  soluble  in  methyl  and  ethyl  alcohols  and  In  acetic  acid; 
they  were  purified  by  recrystallization  from  either  acetone  (in  which  they  were  slightly  less  soluble),  alcohol 
acidified  with  hydrochloric  acid  or  an  acetone-ether  mixture.  Before  analysis,  the  preparations  were  dried  in 
vacuum  over  phosphorus  pentoxlde  at  65*.  The  monoanils  of  glutaconic  aldehyde  were  prepared  by  Zincke*s 
method  [1].  The  N -phenyl  monoanil  was  best  prepared  by  hydrolysis  of  the  corresponding  dye  with  5 -8^o  sodium 
hydroxide  solution  in  the  cold  or  with  gentle  heating.  The  monoanils  were  purified  by  several  recrystallizations 
from  petroleum  ether.  Tlie  N -substituted  monoanils  of  glutaconic  aldehyde  were  readily  soluble  in  many  organic 
solvents.  Data  characterizing  the  preparations  synthesized  are  presented  in  Table  3. 

SUMMARY 

1.  Four  N -substituted  pyridine  dyes  and  two  monoanils  of  glutaconic  aldehyde  were  synthesized.  Four  of 
the  preparations  obtained  have  not  been  described. 

2.  An  examination  was  made  of  the  absorption  spectra  of  three  N -substituted  dyes  and  it  was  postulated  that 
the  nature  of  the  color  of  the  N-alkyl  substituted  dyes  and  their  decomposition  under  the  action  of  alkali  was 
caused  by  sterlc  hindrance,  which  may  be  considerable  if  a  cyclic  structure  is  assumed  for  pyridine  ctyes. 
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HYDROGENATION  OF  SYLVAN  ON  NICKEL  CATALYSTS 
IN  THE  LIQUID  PHASE 

N.I.  Shuikin,  I.F.  Bel’skii  and  O.N.  Savekina 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


A  series  of  experimental  facts  obtained  by  various  authors  leads  to  the  conclusion  that  the  hydrogenation 
of  furan  compounds  may  proceed  in  different  ways  depending  on  whether  the  reaction  occurs  in  the  liquid  or  the 
vapor  phase.  It  was  established  that  in  the  hydrogenation  of  sylvan  and  furyl  alcohol  on  copper  chromite  in  the 
liquid  phase  at  200-250*,  the  main  reaction  is  the  hydrogenolysis  of  the  furan  ring  at  the  1,2  and  1,5  ether  bonds 
with  the  formation  of  almost  equal  amounts  of  pentanol-1  and  pentanol-2  and  pentanediols-1,2  and  1,5,  respec¬ 
tively  [1].  However,  if  sylvan  is  hydrogenated  over  copper  chromite  in  the  vapor  phase  at  275*,  then  the  furan 
ring  is  hydrogenolyzed  in  only  one  direction,  namely  at  the  1—5 C—O  bond  with  tlie  formation  of  methyl  propyl 
ketone  [2].  A  Cu~ZnO  catalyst  behaves  similarly  and  efficiently  converts  sylvan  into  pentanone-2  in  the  vapor 
phase  at  325*  [3]. 

Nickel  deposited  on  aluminum  oxide  was  found  to  be  an  active  catalyst  as  regards  hydrogenation  of  the 
furan  ring  in  tlie  liquid  phase:  in  the  hydrogenation  of  furan  in  an  autoclave  at  123-160*,  tetrahydrofuran  was 
obtained  in  an  86*^  yield  [4].  However,  this  catalyst  showed  quite  unsatisfactory  activity  in  the  hydrogenation  of 
sylvan  in  the  vapor  phase  at  275"  [2].  Under  these  conditions  tetrahydrosylvan  and  products  of  ring  hydrogenolysis, 
aliphatic  ketones,  were  obtained  in  not  more  than  20%  yield.  The  main  reaction  products  were  substances  with  a 
high  boiling  p>oint  and  also  n -pentane  and  water.  All  this  shows  that  the  hydrogenation  of  the  furan  ring  in  the 
vapor  phase  over  Ni“Al203  is  accompanied  by  extensive  decomposition  of  the  furan  ring  and  the  formation  of 
products  with  a  more  complex  molecular  structure.  Of  other  nickel  catalysts,  we  made  a  detailed  examination 
of  tlie  hydrogenating  properties  in  the  vapor  phase  of  a  skeletal  nickel -aluminum  catalyst  [5]  and  nickel  deposited 
on  zinc  oxide  [6]. 

Depending  on  temperature,  the  main  reaction  on  a  skeletal  Ni— A1  catalyst  was  either  hydrogerutlon  of  the 
double  bonds  in  the  furan  ring  or  hydrogenolysis  of  the  furan  ring  with  the  formation  of  aliphatic  alcohols  or  ke¬ 
tones.  In  contrast  to  other  catalysts  (Pt/C,  Pd/C,  Cu0-Cr203),  in  the  vapor  phase  a  skeletal  Ni“Al  catalyst  pro¬ 
moted  so-called  "conjugated*  hydrogenolysis,  i.e.,  cleavage  of  the  furan  ring  simultaneously  at  the  C— O  and 
C-C  bonds,  as  a  result  of  which  an  alkylfuran  molecule  yields  a  molecule  of  an  aliphatic  alcohol  or  ketone  and 
a  hydrocarbon  molecule.  At  235-275",  the  ring  in  a -alkyl  and  a  -alkenylfurans  is  cleaved  completely  in  tloree 
directions: 


Rupture  of  1-5  and  4-5  bonds 
- ►  CH,CH,-C-R 

^  ‘  II 

V  Rupture  of  1-5  and  3-4  bonds 
^ - -  CH,-C-R 

*  II 
0 

The  1“2  and  2—3  bonds,  adjacent  to  the  side  substiment,  were  found  to  be  stable  under  these  conditions 
and  hardly  hydrogenolyzed  at  all.  The  dependence  of  the  stability  of  die  3—4  and  4—5  C— C  bonds  on  tempera¬ 
ture  is  extremely  interesting:  with  an  increase  in  temperature,  the  relative  strength  of  the  4—5  bond  increases 
and  that  of  the  3  —4  bond  decreases. 
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Nickel  on  zinc  oxide  has  properties  which  differ  sharply  from  those  of  the  skeletal  Ni-Al  catalyst  as  re¬ 
gards  hydrogenation  of  the  furan  ring.  At  150*  in  the  vapor  phase,  Ni— ZnO  selectively  hydrogenates  a  double 
bond  in  the  side  chain,  leaving  the  multiple  bonds  in  the  furan  ring  untouched.  At  a  higher  temperature  (250*), 
Ni— ZnO  was  found  to  be  an  extremely  efficient  catalyst  in  hydrogenolysis  of  the  furan  ring  exclusively  at  the 
1-5  C-O  bond;  alkylfurans  form  ketones  in  high  yields.  Thus,  Ni-ZnO  is  unable  to  hydrogenate  the  furan  ring 
in  the  vapor  phase. 

In  the  present  work  we  investigated  the  hydrogenating  capacity  of  a  skeletal  Ni-Al  catalyst  and  Ni— ZnO 
in  the  liquid  phase  so  as  to  elucidate  the  effect  of  the  phase  in  which  the  reaction  is  performed  on  the  hydrogena¬ 
tion  of  the  furan  ring.  A  comparison  of  the  experimental  data  obtained  with  the  rules  we  established  earlier  for 
the  hydrogenation  of  furan  homologs  on  the  same  catalysts  in  the  vapor  phase  led  to  the  conclusion  that  die  hy¬ 
drogenation  of  the  furan  ring  on  the  same  catalyst  may  proceed  in  different  directions,  depending  on  whether  it 
occurs  in  liquid  or  the  vapor  phase. 

Sylvan  and  <x -propenylfuran  were  hydrogenated  in  an  autoclave  at  120-150*  and  a  hydrogen  pressure  of 
50-150  atmos  in  the  presence  of  skeletal  Ni-Al.  The  main  reaction  products  were  tetrahydrosylvan  and  a-pro- 
pyltetrahydrofuran  (85-95*70),  respectively. 

An  examination  of  the  hydrogenolysis  jwroducts  of  the  furan  ring  in  sylvan  established  that  they  consisted 
mainly  of  pentanediol-1,4,  while  the  "normal"  hydrogenolysis  products,  pentanol-2  and  butanol-2,  were  obtained 
in  considerably  smaller  amounts.  The  presence  of  pentanediol-1,4  in  the  hydrogenation  products  of  sylvan  indi¬ 
cates  the  extensive  destruction  of  the  sylvan  molecule  with  the  formation  of  water,  which  hydrolyzed  the  dihy- 
drosylvan,  formed  as  an  intermediate  compound,  to  give  acetopropyl  alcohol.  The  latter  was  then  converted  into 
pentanediol-1,4  by  further  hydrogenation  [7]. 


CHsCHoCHaCH— CH3 

I 

OH 

CH3CH2CH— CH3 

I 

OH 


CH2CH2CH2-G— CH3 


Cn2CH2CH2CHCH3 

I  I 

OH  OH 


In  the  simplest  case,  hydrogenolysis  of  sylvan  with  the  formation  of  water  must  give  n -pentane  as  the 
second  product.  However,  the  amount  of  this  in  the  catalyzate  was  extremely  small,  which  may  be  explained 
by  condensation  processes  leading  to  compounds  of  complex  molecular  structure.  Actually,  the  hydrogenation 
products  always  contained  compounds,  which  decomposed  even  when  distilled  under  reduced  pressure. 

Since  a  skeletal  Ni-Al  catalyst  shows  an  increased  tendency  to  add  the  elements  of  water  to  the  double 
bond  of  dihydrosylvan,  we  hydrogenated  sylvan  in  the  presence  of  water  and  found  that  under  these  conditions 
almost  equal  amounts  of  tetrahydrosylvan  and  pentanediol-1,4  were  formed.  An  insignificant  amount  (not  more 
than  7*70)  of  ring  hydrogenolysis  products,  butanol -2  and  pentanol-2,  were  obtained.  These  results  show  that  the 
addition  of  the  elements  of  water  and  hydrogen  to  the  double  bond  of  dihydrosylvan  on  die  skeletal  Ni-Al  cata¬ 
lyst  proceed  at  approximately  the  same  rate  and  considerably  faster  than  hydrogenolysis  of  the  ring.  The  hydro¬ 
genation  of  sylvan  in  the  presence  of  water  almost  completely  eliminates  the  formation  of  high-boiling  substances. 

In  addition  to  ot -propyltetrahydrofuran,  the  hydrogenation  products  of  a-propenylfuran  on  a  skeletal  Ni-Al 
catalyst  contained  in  the  high -boiling  part  mainly  heptanediol-1,4,  which  was  also  formed,  apparently,  by  the 
scheme  indicated  above. 

Thus,  the  skeletal  Ni-Al  catalyst  which  has,  at  a  certain  temperature,  a  high  activity  for  hydrogenation 
of  the  double  bonds  in  the  furan  ring  in  both  the  liquid  and  the  vapor  phases,  shows  a  profound  difference  as  re¬ 
gards  reactions  connected  with  ring  opening  depending  on  the  phase  in  which  the  hydrogenation  is  performed. 
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In  the  vapor  phase,  the  furan  ring  is  not  only  hydrogenated,  but  also  hydrogenolyzed  at  the  C— O  and  C— C  bonds 
with  the  formation  of  aliphatic  alcohols  and  ketones;  in  the  liquid  phase,  ring  opening  is  mainly  connected  with 
the  addition  of  water  to  the  double  bond  of  4,5-dihydro-2-alkylfuran  with  subsequent  tautomeric  conversion  of 
the  addition  product  into  a  keto  alcohol  and  hydrogenation  of  the  latter  into  an  alkanediol-1,4.  In  the  liquid 
phase  a  certain  portion  of  the  sylvan  undergoes  destructive  hydrogenation  with  the  formation  of  water  and  high- 
molecular  compounds.  Hydrogenolysis  of  the  furan  ring,  leading  to  the  formation  of  pentanol-2  and  butanol -2 
from  sylvan,  occupies  a  subsidiary  position  under  tliese  conditions.  It  is  interesting  to  note  that  in  both  the  liquid 
and  the  vapor  phases  at  temperatures  not  exceeding  150*,  hydrogenolysis  of  the  furan  ring  on  skeletal  Ni—Al  pro¬ 
ceeds  botii  at  tlie  1—5  C— O  bond  and  at  the  1—5  and  4—5  bonds.  The  latter  case  yields  an  alcohol  (or  ketone), 
containing  one  carbon  atom  less  in  its  molecule  than  in  the  molecule  of  the  original  alkylfuran. 

Nickel  on  zinc  oxide  also  shows  an  essential  difference  in  its  properties,  depending  on  whether  the  furan 
ring  is  hydrogenated  in  the  liquid  or  the  vapor  phase.  While  it  is  not  able  to  hydrogenate  the  furan  ring  in  the 
vapor  phase  [6],  Ni-ZnO  performs  this  reaction  quite  efficiently  in  the  liquid  phase.  Thus,  the  hydrogenation 
of  sylvan  in  an  autoclave  at  200-250*  and  a  hydrogen  pressure  of  50-150  atmos  yields  tetrahydrosylvan  in  about 
50^  yield.  In  contrast  to  a  skeletal  Ni—Al  catalyst,  nickel  on  zinc  oxide  produces  "normal"  hydrogenolysis  of 
sylvan  at  only  the  1—5  C— O  bond  with  the  formation  of  pentanone-2  predominantly  (35°!o)  and  only  a  small 
amount  of  pentanol-2  (5*^).  Complete  hydrogenation  of  sylvan  with  cleavage  of  both  C— O  bonds  and  the  forma¬ 
tion  of  n- pentane  and  water  occurs  to  a  small  extent  (^4*70). 

Tlie  formation  of  pentanone-2  on  Ni-ZnO  as  the  main  ring  hydrogenolysis  product  from  sylvan  in  both  the 
liquid  and  the  vapor  phase  indicates  that  tliis  catalyst  has  unusual  properties.  With  other  catalysts  (copper,  cop¬ 
per  chromite  and  platinum),  hydrogenolysis  of  sylvan  in  the  vapor  phase  gives  a  ketone  (pentanone-2)  [2,  3], 
wliile  In  the  liquid  phase,  only  alcohols  (pentanol-1  and  pentanol-2)  are  formed,  even  at  high  temperatures 
(200-300*)  [1,  8,9]. 

Tlie  results  of  the  present  investigation  lead  to  the  conclusion  that  the  direction  of  hydrogenation  of  the 
furan  ring  depends  essentially  on  not  only  the  nature  of  the  catalyst,  but  also  the  nature  of  the  phase  in  which  the 
reaction  is  performed.  The  difference  in  the  properties  of  skeletal  Ni—Al  catalyst  and  nickel  on  zinc  oxide, 
wliich  appears  in  the  vapor  phase  in  the  hydrogenolysis  of  the  furan  ring  ("conjugated"  hydrogenolysis  on  Ni—Al 
and  selective  hydrogenolysis  at  die  1—5  C-O  bond  on  Ni-ZnO),  is  also  maintained  in  the  liquid  phase,  though 
in  tliis  case  hydrogenolysis  occurs  to  an  insignificant  extent  on  Ni—Al.  Both  the  catalysts  investigated  have  a 
high  activity  in  hydrogenation  of  the  furan  ring  in  die  liquid  phase,  while  Ni— ZnO  is  not  able  to  hydrogenate  the 
double  bonds  of  the  furan  ring  in  the  vapor  phase. 


EXPERIMENTAL 

Starting  materials.  For  the  hydrogenation  we  used  sylvan  isolated  from  the  technical  product  by  distilla¬ 
tion  on  an  efficient  column  in  the  presence  of  sodium.  It  had  the  following  properties:  b.p.  63-64*  (750), 
0.9120,  n^®D  1.4321. 

a -Propenylfuran  was  obtained  by  dehydration  of  ethylfurylcarbinol  over  aluminum  oxide  at  350*. 


j-CnCHsCM;,  --4.  '•  !'-CII=CHCll3 
\()/  I  ^()/ 

on 


n-iO 


As  was  noted  previously  [5],  this  also  yielded  a  small  amount  of  n-propylfuran.  The  dehydration  product 
was  dried  with  calcium  chloride  and  distilled  on  a  column.  The  a -propenylfuran,  obtained  in  a  bO'Ti*  yield,  had 
b.p.  132-133*  (752  mm),  d^®4  0.9457,  n2®D  1.5098. 

Catalysts.  The  skeletal  nickel -aluminum  catalyst  was  prepared  by  treating  a  nickel -aluminum  alloy,  con¬ 
taining  21°Jo  of  nickel,  witli  a  2CPjo  solution  of  sodium  hydroxide.  Tlie  ratio  of  the  amounts  of  sodium  hydroxide 
and  alloy  taken  was  such  that  about  10-15*70  of  the  total  aluminum  in  the  alloy  was  dissolved.  The  catalyst  was 
washed  free  from  alkali  (reaction  with  phenolphthalein)  and  stored  under  a  layer  of  distilled  water. 

Nickel  on  zinc  oxide,  containing  30*7®  nickel,  was  prepared  by  coprecipitation  of  zinc  and  nickel  hydroxides 
with  ammonia  solution  from  a  combined  solution  of  tlieir  nitrates.  After  being  washed  with  water  until  the  nitrate 
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ion  disappeared  (reaction  with  diphenylaniine),  the  precipitate  was  filtered  off,  dried  at  120*  and  formed  into 
small  cylinders.  The  catalyst  was  tlien  reduced  with  hydrogen  in  a  glass  tube  under  tlie  following  temperature 
conditions:  for  the  first  four  hours,  the  reduction  was  at  200*,  for  tlie  following  four  hours  at  250"  and,  finally, 
for  a  further  four  hours  at  300*.  This  reduction  metliod  gave  the  most  active  samples  of  Nl~ZnO  catalyst. 

L iquid-Phase  Hydrogenation  of  Sylvan  and  g-Prop e n ylfuran  on  Skeletal  Ni— A1 
Cata  lyst 

Into  a  1  liter  autoclave  was  placed  400  g  of  sylvan  and  30  g  of  Nl— Al  catalyst.  The  initial  hydrogen 
pressure  at  normal  temperature  was  120-150  atmos.  The  autoclave  was  heated  to  150*,  when  the  hydrogen  was 
most  rapidly  absorbed  in  the  temperature  range  100-150*.  The  hydrogenation  was  concluded  when  the  absorption 
of  hydrogen  ceased.  Tlie  catalyzates  obtained  were  separated  from  the  catalyst,  dried  with  potassium  carbonate 
and  distilled,  first  on  a  column  at  normal  (xessure  and  then  with  a  still  head  under  reduced  pressure.  From  4  kg 
of  hydrogenated  sylvan  we  obtained  about  3.5  kg  of  tetrahydrosylvan,  25  g  of  butanol-2,  51  g  of  pentanol-2, 

280  g  of  pentanediol-1,4  and  about  140  g  of  intermediate  fractions  and  high-boiling  products. 

Sylvan  was  hydrogenated  in  the  presence  of  water,  taken  in  an  equimolar  amount,  under  analogous  condi¬ 
tions.  The  catalyzate  contained  tetrahydrosylvan  (46*^0),  pentanediol-1,4  (47*70),  butanol -2  (3*^)  and  pentanol-2 
(4*7o). 

450  g  of  a  -propenylfuran  was  hydrogenated  in  an  autoclave  at  120-130*.  A  95*70  yield  of  a  -propyltetra- 
hydrofuran  was  obtained.  Distillation  of  the  high-boiling  residue  under  reduced  pressure  yielded  heptanediol-1,4 
in  amounts  not  exceeding  4*7o. 

The  properties  of  the  products  obtained  in  the  hydrogenation  of  sylvan  and  a  -propenylfuran  on  skeletal 
Ni— Al  catalyst  are  presented  in  the  table. 


Hydrogenation  Products  of  Sylvan  and  a -Propenylfuran  over  Skeletal  Ni— Al 
Catalyst 


Hydrogenation  products 

Boiling  point 
(pressure  in  mm) 

n^®D 

Tetrahydrosylvan 

79-  79.2*  (750) 

0.8582 

1.4060 

Butanol -2 

98-  99.5  (755) 

0.8076 

1.3937 

Pentanol-2 

118-119  (755) 

0.8087 

1.4063 

Pentanediol-1,4 

104-105  (7) 

0.9884 

1.4475 

a  -Propyltetrahydrofuran 

131-133  (750) 

0.8562 

1.4232 

Heptanediol-1,4 

133-135  (9) 

0.9570 

1.4513 

Hydrogenation  of  Sylvan  on  Ni-ZnO  Catalyst 

500  g  of  sylvan  was  hydrogenated  in  an  autoclave  in  die  presence  of  30  g  of  Ni— Al  catalyst.  The  absorp¬ 
tion  of  hydrogen  proceeded  quite  slowly  at  150"  and  therefore  the  hydrogenation  temperature  was  raised  to  250*. 
Tlie  catalyzate  contained  tetrahydrosylvan  (50*7o),  pentanone-2  (35*7o),  pentanol-2  (5*7®),  n-pentane  (3-4*7o),  and 
a  slight  high -boiling  residue. 

SUMMARY 

1.  The  direction  of  hydrogenation  of  the  furan  ring  depends  on  the  nature  of  the  catalyst  and  the  phase  in 
which  the  reaction  is  performed. 

2.  On  a  skeletal  Ni-Al  catalyst  in  the  liquid  phase  at  120-150*,  sylvan  is  not  only  hydrogenated  to  tetra¬ 
hydrosylvan  (90*70)  but  also  converted  to  pentanediol-1,4;  at  the  same  time,  a  certain  fraction  of  the  sylvan 
molecules  undergo  destructive  hydrogenation  with  the  formation  of  water  and  high-molecular  compounds. 

3.  Hydrogenation  of  sylvan  on  skeletal  Ni— Al  at  120-150*  in  the  presence  of  water  leads  to  the  formation 
of  approximately  equal  amounts  of  tetrahydrosylvan  and  pentanediol-1,4  and  insignificant  amounts  (~7*7o)  of 
ring  hydrogenolysis  products,  butanol-2  and  pentanol-2. 
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4.  Hydrogcnolysis  of  the  furan  ring  in  sylvan  in  hydrogenation  in  the  liquid  phase  on  skeletal  Ni-Al  at 
120-150*  proceeds,  as  in  the  vapor  phase,  at  the  1—5  C— O  bond  and  at  die  1—5  and  4—5  bonds  with  the  forma¬ 
tion  of  pentanol-2  and  butanol-2,  respectively. 

5.  In  the  liquid  phase  at  200-250*,  nickel  on  zinc  oxide  is  able  to  hydrogenate  the  double  bonds  of  the 
furan  ring  (this  reaction  does  not  occur  in  die  vapor  phase)  and  hydrogenolyze  the  ring  only  at  die  1—5  C— O 
bond  with  the  formation  of  mainly  pentanone-2  (in  contrast  to  other  catalysts). 
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CATALYTIC  REDUCTION  OF  PH  EN  YLC  A  RBIN  OL  S 
INTO  AROMATIC  HYDROCARBONS 

N.I.  Shuikln  and  I.F.  Bel’skii 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


In  previous  work  [1]  we  established  that  in  the  hydrogenation  of  alkylfurylcarbinols  in  the  vapor  phase  on 
palladized  charcoal  and  nickel  on  zinc  oxide  at  200-260*,  there  is  selective  reduction  of  the  hydroxyl  group 
with  the  retention  of  the  multiple  bonds  in  the  furan  ring,  as  a  result  of  which,  alkylfurylcarbinols  are  converted 
into  ot -alkylfurans.  Raising  the  hydrogenation  temperature  facilitates  the  hydrogenolysis  of  the  ring  to  a  lesser 
extent  on  Pd— C  and  to  a  considerably  greater  extent  on  Ni— ZnO.  At  250"  on  the  latter  catalyst,  the  a -alkyl¬ 
furans,  formed  initially  by  reduction  of  the  hydroxyl  group  of  the  alkylfurylcarbinols,  are  completely  cleaved  at 
the  1—5  C— O  bond  with  the  formation  of  the  corresponding  aliphatic  ketones  with  the  keto  group  in  position  4. 
The  capacity  of  the  bond  between  the  carbon  atom  and  the  hydroxyl  group  for  rupture  under  the  action  of  cata- 
lytically  excited  hydrogen  depends  on  the  presence  of  the  furan  ring  adjacent  to  the  hydroxyl  group. 


If,  in  com 


3  nydrogen  depends  on  tne  presence  ot  tne  turan  ring  adjacent  to  tne  nydroxyl  group, 
pounds  of  the  type  R— CH— Aik,  R  represents  an  alkyl  group,  then  the  hydroxyl  group 
OH 


Is  not  re¬ 


duced  on  Pd— C  and  Ni— ZnO,  and  there  is  dehydration  of  the  alcohol  to  a  ketone  to  a  certain  extent.  The  ques¬ 
tion  arises  as  to  what  must  be  the  chemical  nanire  of  R  so  that  the  hydroxyl  group  may  be  replaced  by  catalyti- 
cally  activated  hydrogen? 

The  results  of  the  present  investigation  show  that  if  R  Is  a  phenyl  radical,  then  the  hydroxyl  group  is  re¬ 
duced  on  Pt— C,  Pd— C,  Ni— ZnO  and  skeletal  NI— A1  catalyst  in  the  vapor  phase  at  250"  and  phenylcarbinoU  are 
converted  into  aromatic  hydrocarbons.  Thus,  on  all  the  catalysts  investigated,  ethylphenylcarbinol  is  converted 
into  propylbenzene  in  88-95*^  yields  in  the  vapor  phase  at  250".  On  skeletal  Ni— A1  catalyst,  small  amounts  of 
benzene  (3°Jo)  and  toluene  (3*70)  are  formed  in  addition  to  propylbenzene,  due  to  hydrocracking  of  C— C  bonds  in 
the  side  chain.  Dehydrogenation  of  ethylphenylcarbinol  into  the  corresponding  ketone  occurs  to  an  insignificant 
extent. 


88-95"/* 


CH-CH2CII3  / 

(Jll  1***.  N‘\ 


/■ 


CH2CH2CH3  H2O 


\  5"/,  ^ /S-C-CHaCHa-f-H. 

^1  1  h 


Catalytic  reduction  of  benzyl  alcohol  leads  to  the  formation  of  a  mixture  of  benzene  and  toluene  in  rela¬ 
tive  amounts,  which  depend  on  the  nature  of  the  catalyst  used. 

The  formation  of  benzene  does  not  proceed  through  the  stage  of  toluene,  since  the  latter  is  not  demethylated 
into  benzene  on  Pd— C  and  Ni— ZnO  under  the  conditions  of  benzyl  alcohol  reduction.  On  the  other  hand,  pass¬ 
ing  benzyl  alcohol  over  Pd— C  at  250*  in  the  absence  of  hydrogen  gives  a  mixture  of  benzene  (75*70)  and  toluene 
(25*7o),  while  benzaldehyde  is  only  converted  into  benzene  under  these  conditions.  The  reduction  of  benzyl  al¬ 
cohol  into  toluene  apparently  proceeds,  in  this  case,  due  to  hydrogen,  formed  in  the  dehydrogenation  of  the 
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alcohol  into  benzaldehyde.  Thus,  in  the  hydrogenation  of  benzyl  alcohol  there  are  two  parallel  reactions:  re¬ 
duction  of  benzyl  alcohol  into  toluene  and  dehydrogenation  of  it  into  benzaldehyde  with  subsequent  decarbonyla- 
tion  of  the  latter  into  benzene. 


Cll2<)ll 


.3r)-r.r."/, 

- V 

/ 

ii2_/ 

\ 

\  .?ri-657o 


■f" 


\|1 


II2O 


+  CO 


It  is  interesting  to  note  that  tlie  dehydrogenation  of  benzyl  alcohol  into  benzaldehyde  occurs  to  the  same 
extent  as  die  reduction  of  the  alcohol  into  toluene,  while  ethylphenylcarbinol  is  dehydrogenated  to  the  ketone 
to  a  very  small  extent.  The  reason  for  this  probably  lies  in  the  irreversibility  of  the  decarbonylation  of  the  alde¬ 
hyde. 

Aromatic  hydrocarbons,  obtained  as  a  result  of  reduction  on  a  palladium  catalyst,  are  hydrogenated  to  a 
small  extent  into  the  corresponding  cyclohexanes;  reduction  of  the  benzene  ring  does  not  occur  on  platinum  and 
nickel  catalysts. 

In  contrast  to  phenylcarbinols,  pure  aliphatic  alcohols  are  not  reduced  to  the  conesponding  hydrocarbons 
under  die  experimental  conditions.  Thus,  on  Pt— C,  Ni—ZnO  and  skeletal  Ni— A1  at  250*,  pentanol-2  is  50-65°lo 
dehydrogenated  to  die  ketone  and  remains  practically  unchanged  at  this  temperature  on  Pd— C.  On  Pt— C  at  250*, 
heptanol-1  is  not  reduced  to  n -heptane,  but  is  converted  into  n -hexane  and  carbon  monoxide,  decarbonylation 
products  of  the  intermediate  aldehyde  formed. 

Tims,  like  die  effect  of  the  furan  ring  in  alkylfurylcarbinols,  the  effect  of  the  benzene  ring  in  phenylcar¬ 
binols  weakens  die  bond  between  the  carbon  atom  and  the  hydroxyl  group  and, due  to  this, the  alcohol  is  reduced 
to  the  hydrocarbon  on  Pt,  Pd  and  Ni  very  much  more  readily  than  it  is  dehydrogenated  into  the  ketone;  on  the 
odier  hand,  on  these  catalysts  aliphatic  alcohols  only  undergo  dehydrogenation  into  ketones  or  aldehydes  and  the 
latter  are  readily  decarbonylated  under  these  conditions  into  the  corresponding  hydrocarbons. 

EXPERIMENTAL 

The  benzyl  alcohol  used  for  the  experiments  had  the  following  constants:  b.p.  92-94*  (12  mm),  d*®,^  1.0465, 
n*®D  1.5400.  Ethylphenylcarbinol,  synthesized  by  a  Grignard  reaction  from  benzaldehyde  and  ethyl  bromide, 
had  b.p.  90-92*  (8  mm),  c?®^  1.0027  and  n^®D  1.5227. 

Platinized  charcoal,  containing  15*70  Pt,  was  prepared  by  impregnating  activated  charcoal  with  chloro- 
platinic  acid  and  reducing  it  in  hydrogen  at  300*.  Palladized  charcoal  (10*70  Pd)  was  prepared  by  impregnating 
active  birch  charcoal  with  H2PdCl4  solution,  followed  by  reduction  with  formalin  in  the  presence  of  potassium 
hydroxide. 

Nickel  on  zinc  oxide  (30*7o  Ni)  was  obtained  by  coprecipitation  of  nickel  and  zinc  hydroxides  from  a  solu¬ 
tion  of  their  nitrates  with  ammonia.  The  catalyst  was  washed  free  from  NC^’  ions,  dried  at  120“  and  reduced 
with  hydrogen  for  twelve  hours,  while  the  temperature  was  gradually  raised  from  200  to  300". 

The  Ni— A1  skeletal  catalyst  was  prepared  by  treating  an  Ni— A1  alloy,  containing  27*7o  Ni,  with  10*7o  NaOH 
solution  so  tliat  only  10-15*7o  of  the  total  aluminum  in  it  was  removed  from  tlie  alloy. 

Benzyl  alcohol  and  ethylphenylcarbinol  were  hydrogenated  in  a  flow  system  at  250“  and  normal  pressure 
with  a  volume  rate  of  0.1  hour"^.  100  g  of  substance  was  taken  for  each  experiment.  The  catalyzates  obtained 
were  distilled  on  an  efficient  column. 

The  high-boiling  fraction  (180-220“)  yielded  a  semicarbazone,  which  melted  at  172-173“  after  recrystalliza¬ 
tion  from  ethyl  alcohol.  Consequently,  this  fraction  contained  propiophenone.  The  table  gives  the  results  of  re¬ 
ducing  benzyl  alcohol  and  etliylphenylcarbinol  on  various  catalysts  at  250“. 
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Products  of  Catalytic  Hydrogenation  of  Benzyl  Alcohol  and  Ethylphenylcarbinol  at  250* 


Starting  materials 

Catalysts 

Hydrogenation  products 

Pt-C 

Benzene  (60*7o),  toluene  (40*7o) 

Pd-C 

Benzene  (45*70),  toluene  (30*7)),  cyclohexane  (20*7>), 

Benzyl  alcohol 

methylcyclohexane  (5*7)) 

Ni-ZnO 

Benzene  (45*7o),  toluene  (55*7o) 

Nl-Al 

Benzene  (35*7®),  toluene  (65*7o) 

Pt-C 

Propylbenzene  (93*7o),  propiophenone 

Ethylphenylcarbinol 

Pd-C 

Propylbenzene  (92*70),  ptopylcyclohexane  (3*7o) 

Ni-ZnO 

Propylbenzene  (90*7>),  propiophenone 

Nl-Al 

Propylbenzene  (88*7o),  benzene  (3*7®),  toluene  (3*7o), 
propiophenone 

SUMMARY 

1.  Ethylphenylcarbinol  is  reduced  in  the  vapor  phase  at  250*  on  Pt—C,  Pd— C,  Nl— ZnO  and  skeletal  Ni-Al 
to  propylbenzene  in  88-95*70  yields  and  is  dehydrogenated  to  ethyl  phenyl  ketone  to  an  insignificant  extent. 

2.  Under  the  same  conditions,  benzyl  alcohol  is  reduced  to  toluene  (35-65*70)  and  dehydrogenated  into 
benzaldehydej  the  latter  is  readily  decarbonylated  to  benzene  at  250*. 

3.  On  platinum  and  nickel  catalysts  at  250*,  aliphatic  alcohols  (pentanol-2  and  heptanol-1)  are  not  re¬ 
duced  to  hydrocarbons,  but  are  only  dehydrogenated  to  pentanone-2  and  heptanal,  respectively,  while  the  latter 
is  decarbonylated  to  n-hexane  under  the  experimental  conditions. 
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ISOTOPE  EXCHANGE  OF  SULFUR  AND  THE  STRUCTURE 
OF  "DISULFOXIDES"  ( SU  L  F  ON  O  S  UL  F  I DE  S ) 

N.I.  Grishko  and  E.N.  Gur’yanova 

L.Ya.  Karpov  Physicochemical  Institute  and  Dnepropetrovsk  State  University 


Over  a  number  of  years  there  has  been  a  discussion  in  the  literature  [1, 2,  9]  on  the  structure  of  tlie  "disulf¬ 
oxides,"  R-SO-SO-R*  (I)  or  R-SOj-S-R’  (II).  Largely  on  the  basis  of  synthesis  methods,  it  was  at  first  postulated 
that  tliese  compounds  had  a  disulfoxide  strucmre  (I)  and  they  appeared  in  the  chemical  literature  under  this  name. 
In  recent  years,  in  connection  with  the  discovery  of  the  antibacterial  and  the  antibiotic  properties  of  these  sub¬ 
stances  [1,2],  interest  in  them  has  increased  considerably  and  many  new  compounds  of  this  class  have  been  syn¬ 
thesized  [3]:  at  the  same  time,  an  ever  Increasing  amount  of  data  (both  purely  chemical  and  physicochemical) 
has  been  presented  In  support  of  the  sulfonosulfide  or  the  thiosulfonate  configuration  (II). 

Previously  [4],  we  measured  the  dipole  moments  and  the  vibration  spectra  of  a  large  group  of  thiosulfonic 
esters  and  also  arrived  at  the  conclusion  that  "disulfoxides"  have  a  sulfonosulfide  structure  (II). 

In  the  present  work  a  tracer  metliod  was  used  to  study  the  problems  of  the  strucmre  and  reactivity  of  these 
compounds.  Up  to  now  tracer  methods  have  not  been  used  in  investigating  this  interesting  and  important  class  of 
substances.  With  the  aid  of  this  method,  we  hoped  to  obtain  further  infcarmation  on  the  strucmre  of  thiosulfonic 
esters  and  also  on  their  reactivity  with  respect  to  other  sulfur-containing  compounds.  A  smdy  of  the  mechanism 
of  the  interaction  of  thiosulfonic  esters  with  model  substances,  containing  sulfliydryl  and  disulfide  groups,  not  only 
may  give  information  on  the  effect  of  structure  on  the  reactivity,  which  is  of  general  theoretical  interest,  but  also 
may  throw  light  on  the  mechanism  of  the  antibacterial  action. 

In  connection  with  this,  three  lines  were  followed  in  the  work.  A  study  was  made  of  the  isotope  exchange 
of  sulfur  between  various  thiosulfonic  esters  on  the  one  hand  and  elementary  radioactive  sulfur,  on  the  other.  A 
smdy  was  made  of  exchange  of  RS  groups  between  various  thiosulfonic  esters,  on  the  one  hand,  and  labeled  disul¬ 
fides,  on  the  other.  Finally,  a  smdy  was  made  of  the  conditions  under  which  thiosulfonic  esters  react  with  mer- 
captans. 


EXPERIMENTAL 

Synthesis  of  Compounds  Labeled  with  S*® 

The  allyl  ester  of  allylthlosulfonic  acid  (pseudoallicin),  labeled  in  the  sulfide  sulfur  atom,  C3H5S02~S-C3H5, 
was  obtained  by  the  reactions 

C;,H.-,S().jCI  1  NaoS  C3Hr,S02— SNa  +  NaCI 
C.ill.SOaSNa  t  (:;,H5l5r  ->  C;,Il5S02SC3H5 -f  NaBr 

Freshly  distilled  (73-75"  at  12-13  mm)  allylsulfonyl  chloride,  synthesized  by  pro<'‘*dure  [1],  was  added 
dropwise  (with  vigorous  stirring)  to  an  alcohol  solution  of  labeled  sodium  sulfide  cooled  to  10-12®.  The  latter 
was  prepared  by  absorbing  labeled  hydrogen  sulfide  in  an  alcohol  solution  of  sodium  hydroxide  or  by  dissolving 
1-2  mg  of  radioactive  sulfur  (5-10  mC)  in  sodium  sulfide  solution.  When  the  sulfonyl  chloride  had  been  added, 
the  mixmre  was  stirred  and  heated  (about  two  hours)  on  a  water  bath.  Then,  witliout  isolation  of  the  labeled 
sodium  allylthiosulfonate,  freshly  distilled  allyl  bromide,  dissolved  in  acetone,  was  added  to  the  reaction  mixture 
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In  the  cold.  After  standing  at  room  temperature  for  24  hours,  the  mixture  was  poured  into  water  to  deposit  on 
the  bottom  of  the  beaker  a  colorless  (sometimes  pale  yellow)  oil,  which  was  extracted  witli  ether.  The  solution 
was  dried  with  fused  calcium  chloride,  the  ether  evaporated  in  the  cold  and  the  oil  kept  in  vacuum  (1-2  mm) 
at  room  temperature.  Analysis  of  the  product  for  sulfur  content  gave  the  following  re.sults:  found  17. 5*^,  cal¬ 
culated  17.2^0,  Tlie  activity  of  the  sulfide  sulfur  atom  of  the  pseudoallicin  was  equal  to  the  activity  of  the  orig¬ 
inal  sodium  sulfide. 

•  •  *  • 

Diethyl  disulfide  C2H5S-SC2H6  and  ditolyl  disulfide  CH3CgH4S-SC5H4CHj,  labeled  with  radioactive  sulfur, 
were  synthesized  by  the  procedure  described  previously  [5]  and  had  constants  which  agreed  with  literature  data. 

Labeled  diphenyl  disulfide  CgH5S-SC5H5  was  prepared  by  isotope  exchange  with  elementary  radioactive 
sulfur.  A  mixture  of  diphenyl  disulfide  (3  g)  and  radioactive  sulfur  (0.1  g,  5-10  mC)  was  sealed  in  an  ampoule 
in  an  atmosphere  of  nitrogen  and  placed  in  a  thermostat  at  235"  for  5-6  hours.  The  cooled  ampoule  was  opened 
(no  excess  pressure  was  observed)  and  the  liquid  red  mass  transferred  to  a  flask  with  a  reflux  condenser,  with  the 
addition  of  toluene  (5-7  ml).  Sulfuric  acid  (1:7)  and  zinc  dust  was  added  to  the  mixture,  which  was  boiled  to 
reduce  the  disulfide  and  the  polysulfides  formed  to  thiophenol.  The  radioactive  hydrogen  sulfide  liberated  at 
this  point  was  trapped  in  copper  sulfate  solution.  The  toluene  layer,  containing  labeled  thiophenol,  was  separated 
from  the  aqueous  one  and  to  complete  the  separation,  the  latter  was  washed  with  a  fresh  portion  (~5  ml)  of  tolu¬ 
ene,  which  was  added  to  the  first.  The  toluene  .solution  of  thiophenol  was  shaken  with  aqueous  sodium  hydroxide 
(10*70)  and  the  alkaline  solution  of  labeled  sodium  thiophenolate  oxidized  with  potassium  ferricyanide.  Recrystal¬ 
lization  from  alcohol  yielded  pure  labeled  diphenyl  disulfide  (m.p.  60")  with  constant  activity,  which  did  not 
change  with  subsequent  recrystallization.  The  yield  was  50-60*7o  of  the  original  preparation. 

The  methods  of  synthesizing  and  purifying  and  die  characteristics  of  the  bulk  of  die  compounds  (unlabeled), 
used  in  the  present  work,  were  described  previously  [4]. 

A  summary  of  the  results  on  the  isotope  exchange  of  sulfur  between  esters  of  thiosulfonic  acids  and  ele¬ 
mentary  sulfur  is  given  in  Table  1.  After  exchange,  the  components  of  the  mixture  were  separated  by  vacuum 
distillation  (in  the  case  of  ediyl  esters)  or  fractional  crystallization  from  alcohol;  they  were  identified  by  melt¬ 
ing  and  boiling  points  and. by  analysis  for  sulfur  content. 


TABLE  1 


System 

Temper¬ 

ature 

Time 

(hours) 

Percent 

exchange 

Ethyltoluenethiosulfonate  - 

f 

104° 

4 

0 

sulfur 

115 

4 

0 

CII.-AINSOj— SC2H5-I-S 

1 

Tolyltoluenethiosulfonate  — 
sulfur 

IKi 

•) 

0 

170 

3 

0 

CH3C6n4SO.,,— SColUCIIa  |-§ 

1 

Ethylethanethiosulfonate  — 

( 

IIH) 

5 

0 

sulfur 

1 

115 

5 

0 

Q,n5S02-SC,H6+S 

1 

Phenylphenylthiosulfonate  — 
sulfur 

j 

165 

3 

0 

CoHr,SO..-SCcH54-S 

1 

The  results  on  isotope  exchange  of  sulfur  between  esters  of  thiosulfonic  acids  and  disulfides  are  presented 
in  Table  2. 

For  all  die  compounds,  the  activity  of  benzidine  sulfate  precipitates  was  determined.  Tae  experiments 
were  carried  out  in  sealed  ampoules.  The  components  of  the  ethyl  ethanethiosulfonate  -  labeled  diethyl  disulfide 
system  were  separated  by  fractionation  in  vacuum:  27*  (1-2  mm)  —  diethyl  disulfide,  n*°D  1.5062;  123*  (11-12 
mm)  —  thiosulfonic  ester,  n^®D  1.4981. 

For  the  allyl  allylthiosulfonate— diallyl  disulfide  system,  the  disulfide  was  distilled  off  under  mild  conditions 


TABLE  2 


System 

1 

Temp¬ 

erature 

Time 

(hr) 

Activ 

before 

exchange 

ity 

after 

exchange 

Calculated 
activity  at 
equilibrium 

Percent  exchange 

s 

iisulfide 

8 

disulfide 

ester 

disulfide 

C3H.S02-§C3H5-1- 

20° 

2 

4050 

0 

1834 

1350 

2700 

67 

-I-C3H5S— SC3H5 

23 

2 

0 

640 

0 

643 

213 

426 

0 

Ce»sSQ2-5C,H5^- 

1 

61 

0.5 

0 

120 

40 

84 

40 

80 

100 

1 

65 

0.25 

0 

640 

206 

410 

213 

426 

100 

25 

5 

0 

1386 

0 

1380 

462 

924 

0 

C2H5Sq2-SC2H6+ 

100 

5 

0 

1386 

0 

1382 

462 

924 

0 

-fOoHBS-ICoHg 

162 

1 

0 

2676 

260 

2150 

892 

1784 

30 

170 

3 

0 

1386 

469 

915 

462 

924 

100 

(30-31*  at  1-2  mm)  to  leave  the  ester.  Experiments  on  the  exchange  between  phenyl  benzenetiiiosulfonate  and 
labeled  diphenyl  disulfide  were  performed  in  benzene  (0.1  N).  After  evaporation  of  the  solvent  (in  the  cold), 
the  components  were  separated  by  fractional  crystallization  from  alcohol. 

As  the  data  in  Table  2  show,  isotope  exchange  of  sulfur  was  observed  in  all  the  systems  examined  under 
certain  conditions.  To  demonstrate  that  the  radioactive  isotope  of  sulfur  was  transferred  from  one  molecule  to 
another  as  a  result  of  exchange  of  RS  groups  and  not  sulfur  atoms,  experiments  were  canied  out  on  the  exchange 
between  a  thiosulfonic  ester  and  a  disulfide  with  different  R.  Equimolecular  amounts  of  tolyl  toluenethiosulfonate 
and  labeled  diethyl  disulfide  were  kept  at  162*  for  3.5  hours.  The  exchange  of  groups  in  the  reaction  mixture 
must  have  produced  labeled  ethyl  toluenethiosulfonate. 


CH.,CeH4SOi-SGeH4CH3  +  C2H6-S-SC2H5  -*> 

CH3CeH4S02-§C2H5  +  CH3C:flH4S-SC2H5 

By  fractionation  in  vacuum,  we  isolated  and  identified  ethyl  toluenethiosulfonate:  b.p.  115*  (4  mm),  n?®D 
1.5731;  found  °h:  S  29.3,  calculated  °lo'.  S  29.6.  Consequently,  the  radioactive  isotope  of  sulfur  was  transferred 
from  the  disulfide  molecule  to  the  thioester  molecule  together  with  tiie  ethyl  radical 

Table  3  shows  the  results  of  measuring  the  kinetics  of  the  exchange  of  C2H5S  groups  between  the  ethyl  es¬ 
ters  of  various  thiosulfonic  acids  and  labeled  diethyl  disulfide 

R — SO2 — S(32H5  -j-  CjIljS — 302115  —¥  RSO2 — SC2H5  -j-  C2H5S — SC2H5. 

The  course  of  the  exchange  reaction  was  followed  by  the  change  in  the  activity  of  the  diethyl  disulfide, 
which  was  distilled  off  in  vacuum  and  identified  by  the  boiling  point  (27-30*  at  1-2  mm)  and  the  refractive  in¬ 
dex  (n*®D  1.5063).  All  the  experiments  were  performed  with  equimolar  mixtures  of  ester  and  disulfide  at  162*. 
The  rate  constants  of  the  isotope  exchange  were  calculated  by  the  formula  for  equimolar  concentrations  with 
allowance  for  the  number  of  exchangeable  sulfur  atoms  in  the  compounds  examined: 


where  t  is  time,  Xq  is  the  activity  of  die  original  disulfide,  and  x  is  the  activity  of  die  disulfide  after  time  t. 


The  experimental  values  of 
k  was  found  by  graphical  extrapolation. 


gave  a  good,  straight  line  when  plotted  against  t  and  the  value  of 
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TABLE  3 


Rate  Constants  of  Isotope  Exchange  with  Labeled  Diethyl 
Disulfide  at  162" 


Ethyl  ester 

k- 10'* 

Etlianethiosulfonic  acid 

C2H5SO2-SC2H5 

0.25 

Benzenethiosulfonlc  acid 

C6H5SO2-SC2U5 

0.14 

13 -Naphthalenethiosulfonic  acid 

CjqHjSC^  *“SC2H5 

0.32 

p-Bromobenzenetliiosulfonic  acid 
BrC6H4SOi-SC2H5 

0.41 

p-Toluenethiosulfonic  acid 

GHjCgHiSC^  -SC2U5 

0.44 

p-Nitrobenzenethiosulfonic  acid 

NO2C6H4SO2  -SC2H5 

1.05 

The  results  of  experiments  on  the  reactions  of  thiosulfonic  esters  with  mercaptans  are  presented  in  Table  4. 
Solutions  of  equimolar  amounts  of  thiosulfonate  and  mercaptan  in  benzene  or  toluene  were  mixed  and  kept  at  a 
given  temperature  for  a  definite  time.  The  mixture  was  then  treated  with  lO^o  sodium  hydroxide.  In  accordance 
with  the  expected  reaction,  R— SO2-SR’  +  R"SH  -♦  RSO2H  +  R'’S-SR’,  the  aqueous  layer  was  analyzed  for  the  sul- 
finic  acid  and  mercaptan  content  and  the  benzene  layer  for  the  disulfide  and  thiosulfonate  content. 

In  the  first  three  systems  (Table  4),  the  corresponding  sulfinic  acids  and  disulfides  were  isolated  and  iden¬ 
tified  by  the  melting  points  and  analysis  for  sulfur  content.  The  otlier  systems  were  only  tested  for  mercaptan 
content  with  a  buffered  solution  of  lead  acetate. 

The  allyl  ester  of  allylthiosulfonic  acid  (pseudoallicin)  and  cysteine  were  reacted  in  an  alcohol-water  mix¬ 
ture.  To  determine  to  what  extent  tire  reaction  presented  above  proceeded,  we  used  labeled  pseudoallicin.  To 
a  solution  of  pseudoallicin  (0.9  g)  labeled  in  the  sulfide  sulfur  atom,  in  10  ml  of  alcohol  was  added  a  solution  of 
cysteine  hydrochloride  (0.8  g)  in  a  mixture  of  alcohol  (10  ml)  and  water  (2  ml).  After  several  minutes,  a  pre¬ 
cipitate  of  silvery  leaflets  of  S-thioallylcysteine  began  to  form  [6].  The  radioactive  isotope  of  the  pseudoallicin, 

C3H5SO2 “SCjHs  (8000  imp)  passed  completely  into  the  composition  of  the  S-thioallylcysteine,  CsHsS-SCHj- 
CHNHjCOOH  (7932  imp/min). 


DISCUSSION  OF  RESULTS 

It  is  known  that  a  sulfur  atom  connected  to  a  carbon  atom  in  an  organic  compound  of  the  type  R— S— R  or 
RS— SR,  etc.,  is  not  labile  in  the  case  of  a  comparatively  simple  R  and  does  not  exchange  with  elementary  sulfur, 
even  when  heated  to  200-250".  In  addition,  it  is  known  that  sulfur  in  different  valence  states  is  also  incapable 
of  exchange.  Considering  these  circumstances,  one  would  expect  that  in  the  esters  of  thiosulfonic  acid  investi¬ 
gated,  regardless  of  whether  they  had  structure  (I)  or  (U),  there  would  be  no  exchange  with  elementary  sulfur  un¬ 
der  mild  conditions.  As  the  data  in  Table  1  shows,  none  of  the  compounds  investigated  exchanged  with  elemen¬ 
tary  sulfur  when  heated  at  170".  These  results  completely  exclude  one  of  the  possible  configurations  of  thiosul¬ 
fonic  esters  with  a  labile  sulfur  atom. 

Bearing  in  mind  the  results  of  work  [6,  7]  on  the  exchange  of  RS  groups  between  organic  polysulfides  and 
also  between  disulfides  and  mercaptans,  one  might  expect  that  if  the  compounds  investigated  had  the  sulfono- 
sulfide  configuration  (II)  and  not  the  disulfoxide  one  (I),  then  under  certain  conditions  they 
11  would  exchange  R*S  groups  with  conesponding  disulfides. 

H_S— O— II 

II  Tlie  data  presented  in  Table  2  very  clearly  indicate  the  presence  of  exchange  between 

S  thiosulfonic  esters  and  disulfides.  Thus,  as  was  shown  above,  these  compounds  do  not  ex¬ 

change  sulfur  atoms  but  R'S  groups. 
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Reaction  conditions 
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The  presence  of  exchange  by  R'S  groups  in  the  systems 
examined  is  an  extremely  weighty  argument  in  support  of 
the  sulfonosulfide  (II)  configuration  of  thiosulfonlc  esters. 

We  consider  that,  as  a  result  of  all  the  investigations,  it  can 
now  be  assumed  proved  that  "disulfoxides"  have  the  thiosul- 
fonate  or  sulfonosulfide  structure  (II). 

The  data  In  Table  2  show  that  the  capacity  for  ex¬ 
change  between  thiosulfonic  esters  and  disulfides  depends, 
to  a  considerable  extent,  on  the  nature  of  the  radicals  R  and 
R’.  Allyl  allylthiosulfonate  (pseudoallicin)  exchanges  CjHyS 
groups  with  allyl  disulfide  even  at  room  temperature;  similar 
compounds  with  phenyl  radicals  exchange  CjHsS  groups  with 
gentle  heating  (50-60*)  and  derivatives  with  ethyl  radicals 
exchange  only  at  ~160*. 

Ethyl  esters  of  different  thiosulfonic  acicb,  R— SO^-SC2H5, 
exchange  groups  with  labeled  diethyl  disulfide  (Table  3) 

under  approximately  identical  conditions;  the  exchange  pro¬ 
ceeds  at  a  measurable  rate  at  162*.  All  the  observed  varia¬ 
tions  in  the  rate  constants  of  isotope  exchange  approximately 
fall  witiiin  one  order. 

A  comparison  of  the  data  in  Tables  2  and  3  leads  to 
the  conclusion  that  the  composition  and  structure  of  the 
radical  R',  forming  part  of  the  group  R'S,  has  a  considerably 
greater  effect  on  the  reactivity  of  the  system  RS02~SR'  + 

•  • 

+  R'S -SR',  than  the  radical  attached  to  the  sulfone  group. 

We  should  note  that  this  result,  which  we  obtained  by  study¬ 
ing  the  lability  of  groups  in  model  systems,  agrees  with  the 
data  of  Belous  [8]  from  a  study  of  the  antibacterial  properties 
of  a  series  of  esters  of  thiosulfonic  acids.  It  was  shown  that 
replacement  of  an  allyl  radical  by  a  phenyl  adjacent  to  the 
sulfonyl  group,  CsHsSOj -SC3H5  and  C5H5SP2-SC8H5,  had 
hardly  any  effect  on  the  antibacterial  activity,  while  a  sim¬ 
ilar  replacement  of  an  allyl  radical  by  a  phenyl  in  the  R'S 
group  resulted  in  a  compound  of  low  activity.  However, 
data  on  the  effect  of  radicals  on  the  reactivity  of  thiosulfonic 
esters  is  as  yet  far  from  sufficient  for  drawing  more  thorough 
conclusions. 

We  were  unable  to  detect  any  similar  effect  of  radi¬ 
cals  on  the  reactivity  of  thiosulfonic  esters  with  mercaptans 
since  all  the  systems  investigated  (Table  4)  reacted  very 
rapidly  at  room  temperature,  regardless  of  the  composition 
and  structure  of  R  and  R'. 

The  exchange  of  RS  groups  between  thiosulfonic  esters 
and  disulfides  observed  in  the  present  work  is  extremely  in¬ 
teresting,  especially  in  connection  with  the  antibacterial 
activity  of  thiosulfonic  esters. 

The  problem  of  the  mechanism  of  the  antibacterial 
action  of  these  compounds  is  discussed  in  the  literature; 
however,  it  remains  far  from  clear.  Some  authors  [1, 2], 
basing  their  ideas  on  the  reactions  of  tiiiosulfonic  esters  with 
mercaptans  and  compounds  containing  sulfhydryl  groups 
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(cysteine  and  glutathione),  have  postulated  that  the  antibacterial  action  consists  of  blocking  the  sulfhydryl  groups 
of  a  metabolite  according  to  the  reaction 

RSO,— SRM  R''SI1  RSO2II+  R"S— SR'. 

This  causes  disruption  of  metabolic  processes  in  tlie  bacterial  cell. 

The  results  of  the  present  work  indicate  tliat  thiosulfonic  esters  may  react  not  only  with  sulfhydryls,  but 
also  with  the  disulfide  groups  of  compounds,  and,  apparently,  with  the  disulfide  bonds  of  protein  molecules. 
Therefore,  the  mechanism  of  the  antibacterial  action  of  thiosulfonic  esters  is  probably  very  different  to  what  was 
postulated  previously. 

On  the  basis  of  the  results  of  the  present  work,  in  investigations  on  the  antibacterial  and  antibiotic  activity 
of  thiosulfonic  esters,  it  is  necessary  to  consider  possible  reactions  with  the  disulfide  groups  of  protein. 

SUMMARY 

A  tracer  method  was  used  for  stud>’ing  the  structure  and  reactivity  of  thiosulfonic  esters.  It  was  shown  that 
thiosulfonic  esters  do  not  exchange  with  elementary  sulfur  when  heated  to  170*. 

The  exchange  of  RS  groups  between  thiosulfonic  esters  and  organic  disulfides  was  observed.  It  was  decided 
that  "disulfoxides"  have  a  sulfonosulfide  structure. 

An  investigation  was  made  on  the  effect  of  the  composition  and  structure  of  the  radical  on  the  exchange 
capacity  of  thiosulfonic  esters  with  disulfides  and  mercaptans. 

Conclusions  were  drawn  on  a  possible  mechanism  for  the  antibacterial  action  of  sulfonosulfides. 
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INVESTIGATIONS  IN  THE  FIELD  OF  T  HIOC  A  RB  A  N IL I DE  DERIVATIVES 

I.  SYNTHESIS  OF  SULFAMIDO-.  CARBOXY-  AND  SULFO-SUBSTITUTED  DERIVATIVES 

R.G.  Dubenko  and  P.S.  Pel'kis 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  Ukrainian  SSR 


In  recent  years  a  large  number  of  different  thiourea  derivatives  have  been  synthesized  and  a  wide  investi¬ 
gation  made  of  their  antibacterial  and,  in  particular,  antituberculous  properties  [1-6].  Amcxig  the  derivatives  of 
thiourea,  the  sulfonamide  and  carboxy  derivatives  have  been  studied  very  little.  The  purpose  of  the  present  work 
was  to  fill  in  this  gap. 

We  prepared  diarylthiourea  derivatives  by  one  of  the  following  methods. 

S 

II 

1.  2RNH24-GS2 RNHGNHR  +  H2S, 

S 

2.  2RNH2-I-GS24-  I2  +  2G6H5N  -♦  RNhIiNHR -f  2G5H51N  .  HI  +S. 

S 

S  II 

3.  2RNH2  +  GS2  RNHGNHR -I- H2S. 

The  best  and  most  convenient  method  of  preparing  substituted  arylthioureas  was  that  starting  from  the  ap¬ 
propriate  amines  and  carbon  disulfide  in  the  presence  of  sulfur  [7].  The  arylthiocarbanilldes  synthesized  are 
given  in  the  table. 

As  the  data  in  the  table  show,  the  arylthiocarbanilldes  were  obtained  in  good  yields.  They  formed  crystals 
with  characteristic  melting  points  (with  the  exception  of  carboxy  derivatives). 

The  figure  shows  the  ultraviolet  absorption  spectra  of  alcohol  solutions  of  five  thiocarbanilldes.  The 
measurements  were  performed  on  an  SF-4  spectrophotometer. 

Solution  concentrations;  1,  2  and  3  —  13.3  •  10"®  moleAiter;  4  —  2.2  •  10"®  moleAiter;  5  —  1.9  •  10”® 
mole/liter. 


EXPERIMENTAL 

Preparations  1-6  (table)  were  obtained  by  the  method  of  Hugershoff  [7].  We  obtained  preparations  7-9 
starting  from  the  appropriate  amines,  sodium  hydroxide  and  carbon  disulfide  in  methyl  alcohol  [1].  Preparations 
10  and  11  were  obtained  previously  by  Fry  in  a  less  pure  form  by  another  method  [8]. 

l,3-Di-(p-sulfamido)-thiocarbanilide.  To  a  solution  of  5  g  of  p-aminobenzenesulfonamide  (streptocid al¬ 
bum)  in  150  ml  of  ethyl  alcohol  was  added  0.5  g  of  sulfur  and  5  ml  of  carbon  disulfide.  The  mixture  was  heated 
on  a  water  bath  under  reflux  for  ten  hours  until  the  evolution  of  hydrogen  sulfide  ceased.  The  solution  had  a 
yellow  color  at  first  and  then  the  color  almost  disappeared.  After  cessation  of  hydrogen  sulfide  evolution,  the 
mixture  was  filtered  free  from  sulfur  and  part  of  the  alcohol  removed  in  vacuum  on  a  water  bath.  The  cooled 
solution  deposited  the  thiocarbanilide  as  white,  crystalline  scales.  The  precipitate  was  filtered  off,  washed  with 
water,  alcohol  and  ether  and  dried  in  vacuum.  The  m.p.  was  158*  (with  decomp.)  and  the  yield  4.5  g  (80.2‘!/o). 
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Thlocarbanilldes  of  the  General  Formula  RNHCNHR 


6 
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0 

10 
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M.p. 


[Yield 

C^o) 


H.NO,s/ _ )- 
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CH 
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CH 


\n^ 
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C-HNO,S 
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C-Nv 


CH^  ^C-HNOjS^  \- 
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CH,/ 


N - N 

II  II  /  , 

C,Hs-C^  C-HN0,S/  V 
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H,NCHN0,S/ 
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NH 
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HOOC 
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HOOC<^ 


165° 

180 

130 

194 

196 

187 

189 

142 

Does  not 
melt 

^  bove  300 

Does  not 
melt 


80 

96 

75 

92 

70 

65 

91 

64 

80 

69 

62 


Empirical 

formula 


Ci.Hi.O.N.S, 

C„H„0,N.S, 

C,sH„0,N,Sj 

Ci,Hi,04N,S, 

C„H„04N,S, 

C»iHrtO«N,S, 

CijHuOiNjS, 

CiiHitO^NaSj 

C„HioOeN,S,Nai 

C,.H„0,N,S 

C,5H„0.N,S 


Nitrogen  content 


found 


calc. 


14.65. 14.78 

11.85,11.76 

11.70,11.90 

14.95, 15.06 

18.69. 18.79 

18.35, 18.51 
23.57, 23.68 

19.25, 19.07 
6.32, 6.59 

8.34, 8.44 
8.51,8.66 


14.50 

11.91 

12.07 

15.22 

18.73 

18.36 

23.83 

19.27 

6.48 

8.86 

8.86 


1.3- Di-(p-sulfoacetylamlno)-thlocarbanilide.  From  10  g  of  sulfanilacetamide  (albucid)  we  obtained  10.5  g 
of  l,3-di-(p-sulfonacetamidophenyl)-thiocarbanilide  (95.6®7o).  The  preparation  was  a  crystalline  product  with  a 
pale  yellow  color  and  m.p.  134*  (with  decomp.). 

1.3- Di-(p-sulfanilamidosulfo)-thiocarbanilide.  10  g  of  p-sulfanilsulfanilamide  (disulfan)  was  used  for  the 
reaction.  The  thiocarbanilide  isolated  appeared  as  a  white  crystalline  powder  with  m.p.  130"  (with  decomp.). 

The  yield  was  8  g  (75.2  g). 

1.3 - Pi -(p-sulfamidothiazole) -thiocarbanilide.  10  g  of  2-(p-aminobenzenesulfonamido)-thiazole  (norsul- 
fazol)  was  used.  The  thiocarbanilide  obtained  appeared  as  crystalline  needles  with  m.p.  185*  (with  decomp.). 

The  yield  was  10  g  (92.3*70). 

1.3- Dl-(2-p-sulfamido-4,5-dimethylpyrimidine)-thiocarbanillde.  10  g  of  2-sulfanilamido-4,6-dimethyl- 
pyrimidlne  (sulfodimesine)  was  used.  The  thiocarbanilide  obtained  appeared  as  white  crystalline  platelets  with 
m.p.  188*  (with  decomp.).  The  yield  was  7.5  g  (69.7*yo). 

1.3- Di-(2-p-sulfamido-5-ethylthiodiazole-l,3,4)-thiocarbanilide.  The  thiocarbanilide,  obtained  from 
10  g  of  2-(p-aminobenzenesulfamido)-5-ethylthiodiazole-l,3,4  (ethasol),  appeared  as  white  needles  with  m.p. 
180*  (with  decomp.).  The  yield  was  7  g  (65.1^70). 

1.3- Di-(p-sulfoguanyl)-thiocatbanilide.  10  g  of  sulfanilguanidine  (sulgine)  was  used  for  the  reaction.  The 
thiocarbanilide  isolated  formed  a  white  crystalline  powder  with  m.p.  182".  The  yield  was  10  g  (91.5*70). 

1.3- Di-(p-sulfocyanamide)-thiocarbanilide.  10  g  of  sulfanilcyanamide  (sulcymide)  was  used.  The  thio- 
carbanllide  obtained  formed  white,  crystalline  needles  with  m.p.  140*.  The  yield  was  7  g  (63.6*70). 

1.3- Di-(p-carboxy)-thiocarbanilide.  To  a  solution  of  10  g  of  p-aminobenzoic  acid  in  250  ml  of  methanol 


and  3.5  g  of  sodium  hydroxide  was  added  4.5  ml  of  car¬ 
bon  disulfide.  The  mixture  was  boiled  under  reflux  on  a 
water  bath  until  the  evolution  of  hydrogen  sulfide  ceased 
completely  and  this  required  about  four  days.  On  the 
second  day,  the  precipitate  was  filtered  off  and  the  fil¬ 
trate  boiled  gently  for  a  furtiier  three  days  with  the  pre¬ 
cipitate  filtered  off  from  it  each  day.  The  total  weight 
of  precipitate  was  13  g.  The  precipitate,  which  was  the 
sodium  salt  of  the  thiocarbanilide,  was  dissolved  in  40  ml 
of  water  and  the  thiocarbanilide  precipitated  with  65  ml 
of  2  N  hydrochloric  acid  to  give  a  white,  crystalline 
product.  The  precipitate  was  filtered  off,  washed  with  a 
small  amount  of  water,  then  alcohol  and  ether,  and  dried 
in  vacuum.  It  decomposed  without  melting.  The  yield 
was  7.2  g  (62.4*!^). 

1.3 - Di-(m-carboxy) -thiocarbanilide.  From  10  g 
of  m-aminobenzoic  acid  we  obtained  8  g  (69.4*1^)  of  1,3- 
di-(m-carboxyphenyl) -thiocarbanilide  as  a  white,  crys¬ 
talline  product.  The  m.p.  was  above  300*. 

1.3- Dl-(p-sulfo)-thiocarbanillde.  10  g  of  sulfanilic 
acid  was  used  for  the  reaction.  We  obtained  10.5  g  (80^o) 
of  the  sodium  salt  of  the  thiocarbanilide  as  a  white,  crys¬ 
talline  powder.  The  sulfo  derivative  could  not  be  ob¬ 
tained  in  the  free  state. 

SUMMARY 

Eleven  sulfamido-,  carboxy-  and  sulfo -substituted  1,3-thlocatbanilides  were  synthesized  and  of  these,  nine 
have  not  been  described  in  the  literature. 

The  ultraviolet  absorption  spectra  of  the  thiocarbanilide  derivatives  synthesized  were  determined. 

LITERATURE  CITED 

[1]  W.  Aumuller,  L.  Horner,  J.  Kimmig,  J.  Meyer-Rohn,  E.  Junghanns  and  H.  Pohl,  Ber.  85,  760  (1952). 

[2]  German  Pat.  833040;  Chem.  Abs.  47,  3348  (1953). 

[3]  C.F.  Huebner,  S.L.  Marsch,  R.H.  Mizzoni,  R.P.  Mull,  D.C.  Schroeder,  H.  Troxell  and  G.R.  Scholz, 

J.  Am.  Chem.  Soc.  75,  2274  (1953). 

[4]  P.C.  Eisman,  E.A.  Konopka  and  R.L.  Mayer,  Am.  Rev.  Tuberc.  70,  121  (1954);  Chem.  Abs.  49  ,  6456 
(1955). 

[5]  Ng.  Ph.  Buu-Hui  and  Ng.  D.  Xuong,  Compt.  rend.  237,  498  (1953). 

[6]  D.C.  Schroeder,  Chem.  Revs.  55,  181  (1955). 

[7]  A.  Hugershoff,  Ber.  32,  2245  (1899). 

[8]  H.S.  Fry.  J.  Am.  Chem.  Soc.  35,  1539  (1913). 

Received  November  18,  1957 


kmfi 

Ultraviolet  absorption  curves  of  thiocarbanilide 
derivatives:  1)  l,3-di-(p-sulfamido)-thiocar- 
banilide;  2)  l,3-di-(p-sulloacetylamino)-thio- 
carbanilide;  3)  l,3-di-(p-sulfanilamidosulfo)- 
thiocarbanilide;  4)  l,3-di-(p-sulfamidothia- 
zole) -thiocarbanilide;  5)  l,3-dl-(p-sulfamido- 
4,5  -dimediylpyrimidine)  -thiocarbanilide. 
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INTERACTION  OF  PROPYLENE  OXIDE  WITH  ORG  A  N  OC  HL  OROS IL  AN  E  S 

M.S.  Malinovskll  and  M.K.  Romantsevich 
Dnepropetrovsk  State  University 


In  one  of  our  previous  papers  [1],  we  described  the  interaction  of  propylene  oxide  with  organochlorosilanes, 
whereby,  on  tlie  basis  of  the  formation  of  a-chloropropionlc  acid  by  nitric  acid  oxidation  of  the  hydrolysis  products 
of  the  esters,  we  came  to  the  conclusion  that  the  oxide  ring  of  the  propylene  oxide  was  opened  on  the  side  of  the 
primary  carbon  atom. 

In  the  present  work  we  present  the  synthesis  of  eight  previously  undescribed  fl  -chloropropoxyorganosilanes 
and  also  a  further  examination  was  made  of  the  mode  of  opening  of  the  oxide  ring  of  propylene  oxide  during  its 
Interaction  with  organochlorosilanes. 

Propylene  oxide  is  an  a -oxide  with  an  unsymmetrical  strucmre  and  its  oxide  ring  can  open  in  two  ways 
during  its  reaction  with  organochlorosilanes. 

i-^  RnSifOCHaCHaCHa)^.,, 

CHn-Cll— CHa-f-  R„SiCl4_„  — 

\()/  I-'  R,Si(OCHCH2Cl)4_„ 


(a) 
(1) 

(b) 


For  an  analogous  reaction  with  ethylene  oxide,  Sauer  and  Pamode  [2]  suggested  the  following  mechanism. 
Ethylene  oxide  is  first  converted  into  ethylene  chlorohydrin  due  to  hydrogen  chloride,  traces  of  which  are  always 
present  in  chlorosilanes. 

HjC - CHa+HC!  HOCHgCIlMGl  (2) 

\o/ 

Then  the  ethylene  chlorohydrin  reacts  with  the  organochlorosilane  by  the  equation 

R«SiCl4_„  4-  (4  —  n)HOCn2CH2Gl  -►  R„Si(OGn2GH2Gl)4_«  4-  (4  -  /i)HGl  (3) 

Hydrogen  chloride  is  regenerated  and  again  reacts  with  the  oxide  by  Eq.  (2). 

Propylene  oxide  reacts  with  organochlorosilanes  by  the  same  mechanism,  but  the  problem  is  complicated 
by  the  fact  that  the  oxide  ring  in  it  can  be  opened  by  hydrogen  chloride  in  two  ways;  on  the  side  of  the  primary 
or  the  secondary  carbon  atom.  As  a  result,  a  mixture  of  isomeric  halohydrins  is  obtained  with  a  considerable 
predominance  of  the  isomer  corresponding  to  direction  (a)  [Eq.  (4)],  as  was  established  by  Petrov  in  his  thorough 
investigations  on  this  reaction  [3]. 

GIl3GH(OH)GH2Gl  (90«/„)  (a) 

GHg— GH— GII2  4-  HGl  —  (4) 

\o/  GH3GHGIGH2OH  (l()«/o)  (b) 

Therefore,  the  second  stage  of  the  reaction,  the  interaction  of  the  organochlorosilane  with  the  chlorohydrin, 
proceeds  in  two  directions  [Eqs.  (5)  and  (6)]. 
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Starting  materials  a/r^  i  »/,si  '  ‘/.ci 

Formulas  of  com-  i _ Yield  B.p.  (pres-  i  j  i 
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SI  oCHCHjCl  SlCl,  I  _  59  84.2  163-164(2)  1.4486  1.1950  89.72  90.20  6.98  6.90.7.04  35.26  35.27. 35.40 

cii.  J  i  ! 


Il„SiCl4-n  4-  ('i  —  «)CIl3Cn(OH)Cll2Cl 


(5) 


-*■  UMt>i(OCHCll2CI)4_||  (4  —  n)lICl 
I 

CH., 

H»SiCl4_,  +  (4  —  n)CIl3CIIClCIl20II  -►  R„Si(OCH2CHClCll3)4_„  -f  {4  -  n)llCI  (6) 

As  was  already  noted  above,  nitric  acid  oxidation  of  tlie  hydrolysis  products  from  the  esters  obtained  forms 
an  insignificant  amount  of  ct-chloropropionic  acid;  consequently,  reaction  (6)  occurs.  However,  the  formation  of 
a  very  small  amount  of  a  -chloropropionic  acid  makes  it  possible  to  assume  that  the  reaction  between  propylene 
oxide  and  organoclilorosilanes  proceeds  mainly  toward  tlie  formation  of  isopropylidene  compounds,  corresponding 
to  formula  (b)  of  Eq.  (1),  i.e.,  the  reaction  yields  substances  of  normal  and  iso-structure  [Eq.  (1),  directions  (a) 
and  (b)].  To  confirm  the  accuracy  of  tlie  latter  proposal,  we  oxidized  the  hydrolysis  products  of  the  esters  with 
nitric  acid  and  also  with  chromic  mixture. 

Nitric  acid  oxidation  of  the  hydrolysis  products  from  the  ester,  obtained  from  methyltrichlorosilane  and 
propylene  oxide,  yielded  a -chloropropionic  acid  (in  a  small  amount).  A  chromic  mixture  oxidation  of  the  hy¬ 
drolysis  products  from  the  same  ester  gave  a  good  yield  of  chloroacetone,  which  confirms  Eq.  (5)  or  direction  (b) 
in  Eq.  (1).  Thus,  in  the  interaction  witli  organochlorosilane,  die  oxide  ring  of  propylene  oxide  is  opened  in  two 
directions  [Eqs.  (5)  and  (6)].  Consequently,  the  esters  synthesized  are  mixtures  of  two  substances  with  a  predom¬ 
inance  of  the  one  which  has  the  oxygen  atom  on  the  secondary  and  not  on  die  primary  carbon  atom. 

EXPERIMENTAL 

Condensation  of  propylene  oxide  widi  methyltrichlorosilane.  Into  a  three-necked  flask,  fitted  with  a  mech¬ 
anical  stirrer,  a  reflux  condenser,  a  dropping  funnel  and  a  thermometer,  was  placed  37.4  g  of  methyltrichloro¬ 
silane.  45.6  g  of  propylene  oxide  was  added  from  the  dropping  funnel  at  such  a  rate  diat  the  temperature  of  the 
reaction  mixture  did  not  exceed  30“.  After  the  introduction  of  all  the  oxide,  the  reaction  mixture  was  heated  for 
six  hours  on  a  water  bath  at  60"  and  left  overnight.  The  reaction  product  was  then  vacuum  distilled.  We  ob¬ 
tained  66.9  g  (82.7*70)  of  a  substance  with  b.p.  143-144*  (4  mm)  with  the  following  constants: 

n2®D  1.4413,  d2°4  1.1464,  MRq  74.61;  calc.  74.86. 

Found  *70:  Cl  32.80,  33.00;  Si  8.63,  8.56.  CioH2i03Cl3Si.  Calculated  *70;  Cl  32.86;  Si  8.68. 

Propylene  oxide  was  condensed  similarly  with  the  other  organochlorosilanes  (table). 

Oxidation  witli  nitric  acid.  Into  a  conical  flask  with  30  ml  of  90*70  nitric  acid,  diluted  with  20  ml  of  water, 
was  introduced  20  g  of  the  product  obtained  above.  A  vigorous  reaction  began  soon  and  this  was  completed  by 
heating  to  40-45®  for  40  minutes.  The  reaction  mixture  was  diluted  witli  150  ml  of  water  and  extracted  with 
ether.  Tlie  extract  was  dried  with  anhydrous  sodium  sulfate,  tlie  ether  removed  and  the  residue  distilled  at  nor¬ 
mal  pressure.  Tlie  temperature  increased  continuously  and  it  was  not  possible  to  obtain  sharp  fractions.  However, 
at  184-185"  (757  mm),  we  collected  0.6  g  of  substance,  conesponding  in  properties  to  a -chloropropionic  acid 
obtained  by  Henry  [4].  The  acid  isolated  had  the  following  constants: 

n*®D  1.4815,  d2°4  1.3790,  MRp  22.36.  C3H5O2CI.  Calculated  MRq  22.41.  Literature  data  [4]:  b.p.  185", 
d®  1.386. 

Oxidation  with  chromic  mixture.  Into  a  three-necked  flask,  fitted  witli  a  mechanical  stirrer,  a  reflux  con¬ 
denser,  a  dropping  funnel  and  a  thermometer,  was  placed  25  g  of  sodium  bichromate,  15  ml  of  water  and  20  g 
of  the  substance  obtained  above.  From  the  dropping  funnel  was  added  a  solution  of  30  g  of  concentrated  sulfiuic 
acid  in  10  ml  of  water  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  was  20-25*  and  the  mixture 
was  stirred  continuously.  When  all  the  acid  had  been  added,  tlie  mixture  was  stirred  at  room  temperature  for  a 
further  five  hours  and  then  extracted  with  ether.  Distillation  of  the  ether  extract  yielded  9  g  of  chloroacetone 
with  b.p,  118-120";  the  semicarbazone  had  m.p.  164*  (witli  decomp.)  (from  alcohol)  [5].  The  structures  of  the 
other  condensation  products  of  propylene  oxide  and  organochlorosilanes  were  established  similarly. 

SUMMARY 

1.  Condensation  of  propylene  oxide  with  organochlorosilanes  yielded  eight  previously  undescribed  6-chloro- 
propoxyorganosilanes. 


2.  It  was  established  that, in  a  reaction  with  organochlorosilanes,  the  oxide  ring  of  propylene  oxide  is  opened 
in  two  directions,  on  the  side  of  the  secondary  and  of  tfie  primary  carbon  atom.  Therefore,  the  condensation 
products  are  mixtures  of  isomers  with  a  predominance  of  that  isomer  with  the  oxygen  on  die  secondary  carbon 
atom. 
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Synthesis  of  aliphatic  amino  acids 

FROM  THIOPHENE  DERIVATIVES 

IV.  5-ACYL-(2-THIENYL)-ALKANOIC  ACIDS  AS  STARTING  MATERIALS 
FOR  THE  PREPARATION  OF  ALIPHATIC  AMINO  ACIDS 

Ya.L.  Gol’dfarb,  B.P.  Fabrichnyi  and  I.F.  Shalavlna 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


The  higher  aliphatic  amino  acids  of  the  structure  RCH(NH2KCH2)nCOOH,  where  R  is  alkyl,  have  been 
studied  comparatively  little,  though  they  may  be  of  interest  as  materials  for  polycondensation  [1]  or  as  deriva¬ 
tives  for  physiological  investigations  [2].  No  general  method  for  their  synthesis  is  known;  natural  products  have 
been  used  for  the  preparation  of  certain  similar  amino  acids,  for  example,  10-aminoundecanoic  acid  [1,2]  was 
prepared  from  undecylenic  acid,  formed  in  the  pyrolysis  of  castor  oil. 

We  previously  proposed  a  method,  based  on  the  reductive  desulfurization  (hydrogenolysis)  of  oximino-  and 
amino  acids  of  the  thiophene  series  [3-8],  which  makes  it  possible  to  jMrepare  amino  acids  of  various  types.  The 
thiophene  keto  acids,  which  we  used  for  the  purpose  previously  [4],  made  it  possible  to  synthesize  only  those 
amino  acids  in  which  the  carbon  atom  bearing  the  amino  group  was  connected  to  the  alkyl,  containing  not  less 
than  four  carbon  atoms.  This  limitation  was  later  partially  eliminated  by  the  use  of  oximes  of  aldehyde  acids 
as  starting  materials  [8]. 

In  the  present  work,  a  synthesis  is  described  for  higher  amino  acids  of  the  type  given  from  oximes  of  keto 
acids  (II)  by  the  scheme 


^s^"\(CH2)„(:oor  r'co/'^s/'\ch2)„coor 


(I) 


(II) 


R'C/''^S^'^  (CH2)„C00R  IVCH^^S'^NcH2)„COOR 

II  I 

NOH  NHa 

(III)  (IV) 

\  ^ 

R'CH(N  H2)(CH2)4(GH2)«C00  R  , 

(V) 


where  R  and  R'  are  alkyls. 

By  this  route,  it  is  possible  to  prepare  higher  aliphatic  amino  acids,  containing  the  amino  group  in  a  given 
position  with  respect  to  the  carboxyl  and  having  an  alkyl  residue  with  the  required  number  of  carbon  atoms  at 
the  carbon  atom  connected  to  the  amino  group. 
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EXPERIMENTAL* 
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Esters  of  keto  acids  of  the  thiophene  series 
(II)  were  synthesized  by  acylation  of  esters  of  ap¬ 
propriate  (j -(2 -thienyl) -alkanoic  acids  (I)  (see  [8] 
for  the  preparation)  witli  acetyl  chloride  or  pro- 
pionyl  chloride  in  the  presence  of  stannic  chloride 
by  the  usual  method  for  the  acylation  of  thiophene 
compounds.  The  oximes  of  these  keto  esters  (III) 
were  prepared  by  heating  die  keto  esters  in  dilute 
methanol  with  a  threefold  excess  of  hydroxylamine 
hydrochloride,  neutralized  with  die  theoretical 
amount  of  sodium  carbonate.  The  properties  of 
the  esters  of  the  keto  acids  obtained  and  their 
derivatives  are  presented  in  Table  1.  The  melting 
points  are  given  for  substances  recrystallized  from 
dilute  medianol. 

Heating  the  esters  of  die  keto  acids  (II)  with 
dilute  aqueous  sodium  hydroxide  solution  yielded 
the  corresponding  keto  acids  (II,  R==H);  they  were 
recrystallized  from  dilute  alcohol.  The  oximes  of 
these  keto  acids  (III,  R=  H)  were  prepared  by  heat¬ 
ing  the  keto  acids  with  a  direefold  excess  of  hy¬ 
droxylamine  hydrochloride  in  dilute  aqueous  sodium 
hydroxide  solution,  taken  in  an  amount  three  times 
that  required  to  neutralize  the  hydroxylamine  hydro¬ 
chloride  [4].  The  oximes  were  isolated  from  solu¬ 
tion  by  acidification  with  hydrochloric  acid.  The 
same  oximes  were  obtained  by  heating  the  oximes 
of  the  esters  of  the  keto  acids  with  alkali  solution. 
Some  of  tliem  melted  over  a  wide  range  and,  ap¬ 
parently,  consisted  of  a  mixture  of  stereoisomeric 
substances  since  the  motlier  liquors  from  their  re¬ 
crystallization  (dilute  metliyl  alcohol)  yielded 
prodrrcts  with  a  lower  melting  point  than,  but  with 
the  same  elementary  composition  as,  the  high- 
melting  oximes.  The  properties  of  the  keto  acids 
obtained  and  their  derivatives  are  presented  in 
Table  2. 

In  a  series  of  cases,  the  oximino  acids  (III, 
R=^H)  were  reduced  with  amalgamated  aluminum 
[4]  to  yield  the  corresponding  amino  acids  contain¬ 
ing  the  thiophene  nucleus  (IV,  R  =  II). 

6-[5-(l-Aminoethyl)-2-thienyl]-caproic  acid 
(IV,  R  =  H,  R’  =CH3,  n  =  4).  A  solution  of  9.1  g  of 
unpurified  oxime,  obtained  from  e -(5 -acetyl-2 - 
thienyl)-caproic  acid  (III,  R  =  H,  R’  =CH3,  n  =  4) 
in  a  mixture  of  250  ml  of  warm  methyl  alcohol  and 
100  ml  of  water  was  added  to  amalgamated  alumi¬ 
num  (prepared  from  18.2  g  of  granulated  aluminum). 
The  mixture  was  shaken  for  24  hours  (continued 


*E.Ya.  Grens  participated  in  the  work. 
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overnight).  The  aluminum  hydroxide  was  filtered  off,  and  washed  with  hot  water,  the  combined  filtrates  were 
evaporated  to  dryness  in  vacuum,  and  the  residue  was  washed  with  20  ml  of  alcohol.  The  weight  of  the  dry  sub¬ 
stance  was  1.72  g.  After  recrystallization  from  dilute  acetone,  the  amino  acid  had  m.p.  181-182*. 

Found ‘7o:  C  59.64,  59.65;  H  7.95,  7.87;  N  5.80,  5.80;  5  13.42,13.62.  CijHbOjNS.  Calculated‘S: 

C  59.71;  1!  7.94;  N  5.81;  S  13.29. 

The  acetyl  derivative  of  this  amino  acid  was  obtained  by  treating  the  amino  acid  with  acetic  anhydride 
in  dilute  sodium  hydroxide  solution  and  isolated  by  acidification  of  the  solution  with  hydrochloric  acid.  The 
m.p.  was  66-67.5*  (from  dilute  methanol). 

Found'S:  C  58.85,  58.91;  H  7.16,  7.23;  5  11.60,11.35.  CuHjiOjNS.  Calculated'S:  C  59.33;  H  7.47; 

5  11.32. 

6 -[5-(l-Aminoethyl)-2-thienyl]-valeric  acid  (IV,  R  =  H,  R’  =  CHj,  n  =  3)  could  not  be  obtained  in  a  pure 
state  for  analysis;  its  acetyl  derivative  had  m.p.  96.5-98*  (from  dilute  methanol). 

Found'S:  C  57.78,  57.88;  H  7.17,  7.22;  5  12.21,12.32.  CoH„0,N5.  Calculated'S:  C  57.96;  H  7.11; 

5  11.91. 

We  previously  noted  that  hydrogenolysis  could  be  carried  out  more  conveniently  with  the  acetyl  derivatives 
than  with  the  amino  acids  themselves  of  the  thiophene  series  [7];  therefore,  in  a  series  of  cases,  the  esters  of  the 
amino  acids,  obtained  by  reduction  of  the  oximino  acids  with  amalgamated  aluminum,  were  hydrolyzed  and 
acetylated  (without  preliminary  purification). 

€-[5-(l-Acetylaminoethyl)-2-thienyl]-caproic  acid.  10.9  g  of  the  oxime,  obtained  from  the  methyl  ester 
of  €-(5-acetyl-2-tiiienyl)-caproic  acid  (III,  R  and  R'  =  CH3,  n  =  4),  with  m.p.  95*,  was  dissolved  in  a  mixture  of 
450  ml  of  methyl  alcohol  and  100  ml  of  water.  The  solution  was  poured  onto  amalgamated  aluminum  (from 
16.4  g  of  granulated  aluminum).  The  mixture  was  shaken  for  14  hours.  The  aluminum  hydroxide  was  filtered 
off,  washed  and  extracted  with  methanol  in  a  5oxhlet  apparatus.  The  combined  extracts  were  evaporated  in 
vacuum.  To  the  residue  was  added  100  ml  of  water  and  the  oily  methyl  ester  of  €-[5-(l-acetylaminoethyl)-2- 
thienylj-caproic  acid  liberated,  which  had  an  alkaline  reaction  to  litmus,  was  extracted  with  ether  and  the  solu¬ 
tion  dried  with  magnesium  sulfate.  Removal  of  the  ether  left  7.9  g  of  a  pale  yellow  oil.  To  the  latter  was  added 
2.35  g  of  sodium  hydroxide  in  30  ml  of  water.  The  mixture  was  boiled  for  tfiree  hours,  when  the  oil  dissolved 
completely.  The  solution  was  cooled  to  50*  and  filtered  and  10  ml  of  acetic  anhydride  gradually  added.  The 
mixture  was  stirred  for  one  hour.  The  separated  oil  was  dissolved  by  the  addition  of  sodium  hydroxide  and  the 
solution  acidified  with  hydrochloric  acid.  The  oil  thus  liberated  partially  crystallized  on  standing  in  a  refrigerator. 
The  weight  of  the  substance  was  7.2  g  (the  yield  of  the  impure  acetylamino  acid  was  69®^,  calculated  on  the  ox¬ 
ime). 

11-Acetylaminolauric  acid.  To  a  solution  of  7.2  g  of  oily  6-[5-(l-acetylaminoethyl)-2-thienyl]-caproic 
acid  in  a  mixture  of  300  ml  of  water  and  50  ml  of  concentrated  ammonia  solution,  heated  to  65*,  was  added  50  g 
of  Raney  nickel  with  vigorous  stirring.  The  mixture  was  stirred  at  65-70*  until  there  was  no  reaction  for  sulfur 
(sodium  nitroprusside  test).  The  nickel  was  filtered  off  and  washed  several  times  with  warm,  dilute  ammonia 
solution.  The  combined  filtrates  were  evaporated  to  dryness  in  vacuum  on  a  water  bath.  The  residue  was  dis¬ 
solved  in  50  ml  of  sodium  hydroxide  and  the  solution  filtered  free  from  nickel  hydroxide.  Acidification  of 
the  filtrate  with  hydrochloric  acid  liberated  an  oil,  which  rapidly  crystallized.  The  weight  of  dry  material  was 
2.85  g  (43.5170);  the  m.p.  was  88-91".  After  recrystallization  from  dilute  methanol,  the  acetylamino  acid  had 
m.p.  94-95*. 

Found '^o;  C  65.47,  65.28;  H  10.42,  10.30;  N  5.70,  5.71.  CmHjtOjN.  Calculated ‘^o:  C  65.33;  H  10.58; 

N  5.44. 

The  reduction  of  the  esters  of  the  oximino  acids  with  amalgamated  aluminum  is  not  obligatory  in  the  cases 
described  above  and  the  corresponding  aliphatic  amino  acids  may  be  obtained  by  direct  hydrogenolysis  of  the 
oximino  acids. 

10-Aminoundecanoic  acid  (V,  R  =  H,  R'  =CHg,  n  =  3).  To  a  solution  of  5.0  g  of  unpurified  oximino  acid 
(III,  R  =  H,  R’  =CH3,  n  =  3)  in  200  ml  of  water  and  50  ml  of  concentrated  ammonia,  heated  to  65*,  was  added 
42  g  of  Raney  nickel  with  vigorous  stirring.  5tirring  at  65-70*  was  continued  until  there  was  a  negative  reaction 


878 


’ABLE 


,  186-187*;  186' 
126 -127*. 


for  sulfur  (about  nine  hours).  The  nickel  was  filtered  off  and  washed  with  dilute  ammonia  solution.  The  com¬ 
bined  filtrates  were  evaporated  to  dryness  in  vacuum.  The  amino  acid,  containing  a  small  amount  of  aluminum 
hydroxide,  was  purified  by  recrystallization  from  water. 

Similar  hydrogenolysis  of  appropriate  oximino  acids  of  general  formula  (III)  yielded  11-aminolauric  (V, 

R  =  H,  R’  =CHs,  n  =  4),  9-amlnoundecanoic  (V,  R  =  H,  R'  =C2H5,  n  =  3)  and  11-aminotridecanoic  (V,  R  =  H, 

R’  =  CjHj,  n  ==  5)  acids.  The  constants  of  the  amino  acids  and  their  derivatives  are  presented  in  Table  3  (the 
yields  are  given  for  the  unpurified  substances  and  the  melting  points  of  the  amino  acids  for  materials  recrystal¬ 
lized  from  water). 

The  hydrochlorides  were  obtained  by  heating  the  amino  acids  with  dilute  (1:1)  hydrochloric  acid  and  puri¬ 
fied  by  recrystallization  from  a  mixture  of  anhydrous  isopropyl  alcohol  and  acetone. 


SUMMARY 

1.  The  action  of  acetyl  and  propionyl  chlorides  on  the  esters  of  cu -(2 -thienyl) -alkanoic  acids  in  the  pres¬ 
ence  of  stannic  chloride  yielded  the  esten  of  6 -(5-acetyl-2-thienyl)-valerlc,  €-(5 -acetyl-2 -thienyl) -caproic, 
y -(5 -propionyl -2 -thienyl) -butyric  and  e -(5 -propionyl-2 -thienyl) -caproic  acids;  the  corresponding  keto  acids 
were  prepared  by  hydrolysis  of  these  esters. 

2.  Hydrogenolysis  of  the  oximes,  prepared  from  the  keto  acids  of  the  thiophene  series  listed,  by  means  of 
Raney  nickel  yielded  10-aminoundecanoic,  11-aminolauric,  9-aminoundecanoic  and  11-aminotridecanoic  acids. 
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SYNTHESIS  AND  CONVERSIONS  OF  SOME  DI  -  (  2  -  T  H  IE  N  Y  L  )M  ETH  A  N  E 
DERIVATIVES 

V.  THE  ACTION  OF  n-BUTYLLITHIUM  ON  5-METHYL-  AND  5,5’-DIMETHYL- 
2.2'-DITHIENYLMETHANE 

Ya.L.  Gol'dfarb  and  M.L.  Kirmalova 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


We  previously  showed  [1]  that  in  the  action  of  n-butyllithium  in  ether  solution  on  di -(2 -thienyl)m ethane 
(I),  the  a -hydrogen  atoms  of  the  latter  are  readily  replaced  with  the  formation  of  mono-  and  dilithium  deriva¬ 
tives.  Meanwhile,  the  analog  of  (I),  diphenylmethane,  gives  diphenylmethyllithium  with  n-butylUthium  [2]. 
Similar  substitution  products  (in  the  methylene  group)  are  formed  in  the  reaction  of  diphenylmethane,  and  also 
di-(2-thienyl)methane,  widi  amides  of  alkali  metals  in  liquid  ammonia  [3,4].  Such  a  difference  in  aromatic 
systems  of  similar  nature  in  their  behavior  toward  lithiumalkyls  and,  on  the  other  hand,  the  similarity  of  their 
reactions  with  amides  of  alkali  metals  may  be  explained  by  a  difference  in  the  character  of  the  metallating  ac¬ 
tion  of  the  agents  of  the  first  and  second  types. 

A  mechanism  for  the  metallation  of  compounds  containing  a  heteroatom  by  means  of  lithiumalkyls  was 
put  forward  by  Roberts  et  al.  [5]  and  expounded  in  more  detail  by  Gronowitz  [6]  for  certain  substimted  thiophenes. 
He  posmlated  an  initial  coordination  between  a  lithium  cation  and  the  sulfur  atom,  which  facilitates  polarization 
of  the  neighboring  C— H  bonds.  After  this  initial  stage,  the  ortho -hydrogen  atom  of  the  thiophene  ring  is  removed 
as  a  result  of  nucleophilic  attack  by  the  carbanion  of  tlie  metallating  agent.  In  contrast  to  this,  the  action  of 
lithiumorganic  compounds  or  metal  amides  on  diphenylmethane  and  di-(2-tlilenyl)methane  may  be  considered 
as  an  acid-base  interaction,  without  the  intermediate  formation  of  a  complex  [7]. 


In  the  light  of  the  data  presented,  it  seemed  interesting  to  study  the  behavior  of  a -mono-  and,  in  particular, 
a.a’-dialkylsubstituted  dithienylm ethanes  toward  n-butyllithium.  In  accordance  with  the  ideas  presented,  one 
might  assume  that,  in  these  cases,  the  rate  of  metallation  in  the  nucleus  by  lithiumalkyls  should  be  reduced 
sharply,  since  the  a -hydrogen  atom  has  been  replaced  and,  in  addition,  the  nucleus  is  deactivated  with  respect 
to  nucleophilic  substitution  by  alkyl  groups.  Due  to  this,  from  5,5’-dimethyl-2,2'-dithienylmethane  (II)  one 
should  obtain  predominantly  or  exclusively  the  product  of  metallation  in  the  methylene  group  and  in  the  case  of 
the  monomethylsubstituted  derivative  (III),  one  might  expect  tlie  formation  of  two  metalloorganic  compounds, 

(IV)  and  (V). 


n  n 

HaC^^s/^CIlz^^s/^  Li 

(IV) 


Li 

I 

Li 

(V) 


As  will  be  seen  from  what  is  presented  below,  these  ideas  ate  only  partially  justified  by  experiment. 

We  prepared  the  5-methyl-2,2'-dithienylmethane  (III)  required  for  the  investigation  by  a  Kizhner  reduction 
of  5-(2-tluenyl)-2-thiophenealdehyde  [8]  (VI).  Compound  (III)  was  previously  described  by  Gol’dfarb  and  Kon¬ 
stantinov  [9].  Metallation  of  5-methyl-2,2’-dithienylmethane  with  an  equivalent  amount  of  n-butyllithium  and 
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subse(]uent  treatment  with  N,N-dimethylformamide,  ethylene  oxide  or  carbon  dioxide  formed  an  aldehyde,  which 
was  Identical  with  5' -methyl-2,2’ -dithienylmethyl-5-aldehyde  (VII)  synthesized  previously  [9],  an  alcohol  (VIII) 
and  an  acid  (K),  respectively.  •  Reductive  desulfurization  of  the  latter  with  Raney  nickel  gave  n-dodecyl  alcohol 
(XI)  and  undecanolc  acid  (XII).  By  tliese  data  it  was  established  that  the  structures  of  the  compounds  obtained  In 
the  reactions  with  ethylene  oxide  and  carbon  dioxide  corresponded  to  6-(fl-hydroxyethyl)-5’-methyl-2,2'-dithi- 
enylmethane  (VIII)  and  5’-methyl-2,2'-dithienylmethane-5-carboxylic  acid  (DC)  and  also  that  the  original  lith- 
iumorganic  compound  had  the  structure  (IV).  If  we  consider  that, in  the  experiment  with  ethylene  oxide,  the  total 
weight  of  methyldlthienylmetliane  recovered  and  consumed  in  the  formation  of  alcohol  (VIII)  was  more  than  80*70 
of  the  starting  amount,  then  we  can  accept  that  reaction  of  the  latter  with  n-butyllithium  mainly  forms  deriva¬ 
tive  (IV). 
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5,5'-Dimetiiyl-2,2’-dithienylmetliane  (II),  obtained  in  Tl'T’ yield  by  the  method  of  CJordfarb  and  Danyu- 
shevskii  [8],  metallated  badly  under  the  same  conditions  (-5*);  this  was  indicated  by  the  amount  of  butane  lib¬ 
erated  and  the  yield  of  acid  in  the  carboxylation,  when  77*70  of  original  (II)  was  recovered  unchanged.  Changing 
the  meta nation  temperature  (+35*)  did  not  give  a  positive  result.  Here  we  should  note  that  the  reduced  lability 
of  the  methylene  hydrogen  atoms  in  5,5’ -dimethyl-2,2' -dithienylmethane  may  be  attributed  to  the  effect  of  the 
methyl  groups,  whose  inductive  effect  opposes  the  effect  of  o,7r -conjugation,  with  which  this  lability  is  connected. 
However,  in  comparing  the  action  of  n-butyllitliium  on  diphenylmethane  and  phenyl-p-tolylmethane,  Gilman 
observed  an  opposite  effect  and  found  an  increase  in  yield  of  lithium  substituted  derivative  in  going  from  the  first 
to  the  second  compound  [2]. 

The  acid  with  m.p.  157*,  obtained  from  the  lithiumorganic  compound  of  (U),  may  be  assigned  structure 
(XIII)  or,  as  at  first  seemed  less  probable,  structiue  (XIV)  or  (XV). 
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•Carboxylation  of  the  lithiumorganic  compound  also  yielded  5-methyl-5’ -valeryl-2,2’-dithienylmethane  (X), 
which  was  formed  by  the  action  of  n-butyllithium  on  the  lithium  salt  of  the  acid  (DC). 
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To  elucidate  tliis  problem,  we  synthesized  bis-(5-methyl-2-thienyl)-acetic  acid  (XIII)  by  an  independent 
metliod  proposed  for  the  preparation  of  di-(2-thienyl)acetic  acid  [10].  For  this  purpose,  2-methylthiophene  was 
condensed  with  chloral  hydrate  in  glacial  acetic  acid  in  the  presence  of  sulfuric  acid  to  give  2,2-bis-(5-methyl- 
2-thienyl)-l,l,l -trichloroethane  (XVI)  [11, 12],  which  gave  a  carboxylic  acid  with  m.p.  92“  on  hydrolysis.  That 
the  latter  had  tlie  structure  of  bis-(5-methyl-2-thienyl)acetic  acid  was  confirmed  by  tlie  fact  that  its  decarboxyl¬ 
ation  gave  t5,5’-dimethyl-2,2’-dithienylmethane.  In  addition,  in  this  experiment  we  isolated  a  small  amount  of 
a  substance  with  m.p.  177",  which  had  the  composition  and  molecular  weight  of  l,l,2,2-tetra-(5-methyl-2-thi- 
enyl)-ethane  (XVII).  Since  the  melting  point  (92")  of  bis-(5-methyl-2-thienyl)acetic  acid  differed  from  that  of 
the  acid  with  m.p.  157",  the  latter  may  be  ascribed  strucmre  (XIV)  or  (XV).  It  seemed  possible  to  make  a  choice 
between  these  two  formulas  by  carrying  out  an  internal  acylation,  which,  in  the  case  of  acid  (XIV)  must  lead  to 
ketone  (XVII).  Unfortunately,  experiments  on  the  internal  acylation  did  not  give  a  definite  result,  largely  due 
to  the  fact  that  we  liad  a  very  small  amount  of  tlie  acid  with  m.p.  157".  Therefore,  at  the  moment,  on  the  basis 
of  Gronowitz’s  observations  [6],  we  can  only  say  that  structure  (XIV)  is  the  most  probable  one  for  the  acid  with 
m.p.  157",  since  in  nucleophilic  attack,  the  metliyl  group  directs  lithium  into  the  most  remote  position.  How¬ 
ever,  this  requires  experimental  confirmation. 


EXPERIMENTAL 

5-(2-Thienyl)-2-thiophenealdehyde.  60  g  of  phosphorus  oxychloride  and  53  g  of  freshly  distilled  N-methyl- 
formamide  were  mixed  and  after  30  minutes,  a  solution  of  54  g  of  di-(2-thienyl)methane  [8]  in  150  rnl  of  anhy¬ 
drous  benzene  was  added  to  tlie  mixture  with  stirring  at  25“  over  a  period  of  1.5  hours.  After  being  stirred  for  a 
further  two  hours  at  30-35",  the  mixture  was  left  overnight  at  room  temperature  and  then  poured  with  stirring  into 
a  mixture  of  150  g  of  crushed  ice  and  70  ml  of  water.  The  upper  layer  was  separated  and  the  lower  one  extracted 
three  times  witli  200-ml  portions  of  ether.  'Hie  ether -benzene  solution  was  washed  three  times  with  dilute  hydro¬ 
chloric  acid  (50  ml  of  acid  in  400  ml  of  water),  three  times  with  sodium  bicarbonate  solution,  and  tliree  times 
with  water, and  dried  with  magnesium  sulfate.  Tlie  solvent  was  removed  in  vacuum  and  the  residue  yielded  20.1  g 
of  unreacted  di-(2-thienyl)methane  and  35.7  g  of  an  aldehyde,  which  distilled  at  152-157*  (3  mm)  and  crystal¬ 
lized  on  cooling.  Hie  yield  was  91‘yo  on  the  di -(2 -thienyl)m  ethane  which  reacted.  Re  distillation  yielded  34.8  g 
of  aldehyde  witli  b.p.  153-155*  (3  mm).  The  b.p.  156-159*  (3  mm)  is  repotted  in  the  literature  for  the  aldehyde 
[8]. 

5-Methyl-2,2’-dithienylmetliane.  To  a  solution  of  34.3  g  of  5-(2-thienyl)-2-thiopheneaidehyde  in  280  ml 
of  diethylene  glycol  was  added  75  ml  of  100*^0  hydrazine  hydrate  and  75  g  of  potassium  hydroxide  and  tiie  5- 
methyl-2,2’-dithienylmethane  and  excess  hydrazine  hydrate  were  steam  distilled  from  the  gently  boiling  mix¬ 
ture  in  a  flask  witli  a  still  head  and  a  distillation  condenser.  The  distillation  was  discontinued  when  the  tempera¬ 
ture  of  die  mixture  reached  200".  The  mixture  was  boiled  under  reflux  at  this  temperature  for  four  hours.  Water 
was  added  to  tlie  cooled  solution  and  the  rest  of  the  substance  was  steam  distilled.  The  combined  distillates  were 
extracted  with  ether  and  the  ether  solution  washed  with  dilute  hydrochloric  acid,  sodium  bisulfite  solution,  sodium 
bicarbonate  solution  and  water  and  dried  with  calcium  chloride.  Working  up  the  solution  in  the  usual  way 
yielded  26.2  g  of  5-methyl-2,2’-dithienyhnethane  with  b.p.  109-110"  (3  mm),  n*®D  1.5943.  The  yield  was  85*70. 

In  work  published  previously,  the  following  constants  were  given  for  5-methyl-2,2’-dithienylmethane;  b.p.  116- 
117*  (6  mm),  n^®D  1.5946  [9]. 

5-(fi-Hydroxyethyl)-5'-methyl-2,2'-dithienylmethane.  To  a  solution  of  7.8  g  of  5-methyl-2,2'-dithienyl- 
methane  in  50  ml  of  absolute  etlier  at  ~5*  was  added  a  solution  of  3.2  g  of  butyllithium  in  ether  and  after  sev¬ 
eral  minutes,  2.7  g  of  ethylene  oxide  in  ether.  Tlie  mixture  was  stirred  at  room  temperature  for  one  hour  and 
then  treated  witli  very  dilute  acid  with  cooling.  The  ether  solution  was  separated,  washed  with  sodium  bicarbonate 
solution  and  water,  and  dried  with  magnesium  sulfate.  Fractionation  of  the  reaction  product  yielded  1.7  g  of 
starting  material  and  5.65  g  of  alcohol  (75®/o  yield  on  the  dithienylm ethane  reacting),  which  distilled  at  167-170* 

(3  mm).  After  redistillation,  the  alcohol  had  the  constants; 

B.p.  156-157"  (2  mm),  n^®D  1.5939,  d2®4  1.192,  MRp  67.86;  calc.  67.39. 

Found  €  60.21,60.45;  116.16,6.17;  5  26.72,26.65.  C^Hj^OSj.  Calculated  *7^;  C  60.46;  H  5.92; 

S  26.90. 

The  phenylurethan  of  5-(fl -hydroxyethyl)-5'-methyl-2,2'-dithienylmethane  melted  at  68-69*  after  recrys- 
tallizatlon  from  80*70  alcohol. 
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Found  7o:  0  63.86,63.89;  11  5.36,5.54;  5  18.23,18.05.  CjgHijOjNSj.  Calculated ‘^o*.  C  63.85;  H  5.36; 

S  17.94. 

5'-Methyl-2,2'-dithlenylmethane-5-aldehyde,  To  a  solution  of  lithium  substituted  5 -methyl-2,2’ -dlthl- 
enylmethane  In  etlier,  prepared  by  tlie  usual  method  from  4.9  g  of  5-methyl-2,2’-dlthlenylmethane,  was  added 
a  solution  of  2.5  g  of  N,N-dimethylformamlde  In  5  ml  of  ether  at  0*.  A  rise  In  temperature  was  observed  and  a 
precipitate  formed.  The  mixture  was  stirred  at  0*  for  one  hour  and  then  treated  with  dilute  hydrochloric  acid. 

Tlie  ether  layer  was  separated,  washed  with  dilute  hydrochloric  acid,  sodium  bicarbonate  solution  and  water,  and 
dried  witli  magnesium  sulfate.  On  further  treatment,  the  solution  yielded  1.9  g  of  starting  material  and  2.1  g  of 
an  aldehyde  as  a  thick,  yellow  oil,  which  distilled  at  152-156*  (3  mm),  and  had  n*®D  1.6200.  According  to  data 
in  [9],  the  comptiund  has  the  following  constants:  b.p.  156-158*  (3  mm),  n*®D  1.6218.  An  aqueous  alcohol  solu¬ 
tion  of  0.1  g  of  tlie  aldehyde,  0.5  g  of  hydroxylamine  and  0.42  g  of  KOH  was  boiled  for  1.5  hours.  The  cooled 
solution  was  acidified  with  hydrochloric  acid  and  diluted  with  water.  After  recrystallization  from  80^o  alcohol 
and  a  mixture  of  benzene  and  heptane,  the  precipitated  oxime  melted  at  119-120*,  which  agrees  with  previously 
published  data  [9].  The  melting  point  of  a  mixture  of  our  oxime  and  the  oxime  obtained  by  one  of  us  and  Kon¬ 
stantinov  was  not  depressed. 

Found ‘fe  N  5.90,  5.99.  CuHuONSj.  Calculated  «/o:  N  5.90. 

If  the  oxime  was  precipitated  from  die  alkaline  solution  with  water,  then  after  two  recrystallizations  from 
80^0  alcohol  it  melted  at  99-99.5". 

Found ‘Vo:  N  6.13,  6.20.  CjiHuONSj.  Calculated ‘^o;  N  5.90. 

5* -Mediyl-2, 2' -didiienylmethane -5 -carboxylic  acid.  To  a  solution  of  7.1  g  of  5-methyl-2,2’-dIthienyl- 
metiiane  in  30  ml  of  dry  etiier  at  —5*  was  added  a  solution  of  2  g  of  n-butylllthium  in  ether  and  the  mixture 
poured  onto  solid  carbon  dioxide.  After  acidification  with  dilute  hydrochloric  acid,  the  ether  layer  was  separated 
and  treated  with  5Plo  NaOH  solution. 

From  the  alkaline  layer  we  isolated  2.7  g  of  5’-methyl-2,2'-dithienylmethane-5-carboxylic  acid  with  m.p. 
120-122".  Tlie  yield  was  55*70  (calculated  on  the  5 -methyl-2, 2’ -dithienylmethane  which  reacted).  After  recrys¬ 
tallization  from  40*7o  alcohol  and  heptane,  the  substance  had  m.p.  128-128.5";  the  neutralization  equivalent 
found  was  235.5  and  tlie  calculated  one,  238.3. 

Found  ^o:  C  55.67,  55.75;  H  4.23,  4.31;  S  26.97,  26.95.  CnHioO^Sj.  Calculated  *70;  C  55.43;  H  4.23; 

S  26.91. 

Fractional  distillation  of  tlie  ether  solution  yielded  3.1  g  of  starting  material  and  0.6  g  of  5-methyl-5*- 
valeryl -2, 2’ -dithienylmethane  as  a  thick  oil,  distilling  at  180-190*  (6  mm).  After  recrystallization  from  acetic 
acid  and  ethyl  acetate,  the  2,4-dinitrophenylhydrazone  of  this  ketone  melted  at  156*. 

Found  *70:  N  12.06,  11.85.  C21H22O4N4S2.  Calculated  *70;  N  12.19. 

Undecanoic  acid.  3.9  g  of  5'-methyl-2,2’-dithienylmethane-5-carboxylic  acid,  3.5  g  of  sodium  carbonate, 
400  ml  of  water  and  about  24  g  of  Raney  nickel  were  heated  together  at  85-90*  with  stirring  for  two  hours.  The 
precipitate  was  then  filtered  off  and  washed  several  times  with  5^o  sodium  carbonate  solution.  The  filtrate  and 
wash  water  were  combined  and  acidified  with  dilute  (1:1)  hydrochloric  acid.  The  precipitated  oil  was  extracted 
with  ether.  Tlie  ether  solution  was  washed  with  water  and  dried  with  magnesium  sulfate.  The  residue  after  evap¬ 
oration  of  the  ether  was  vacuum  distilled.  We  isolated  2  g  (69*70)  of  an  acid  with  b.p.  160-161*  (10  mm),  and 
m.p,  26.5-27". 

Found  *7o:  C  70.51,  70.43;  H  11.78,  11.70.  Neutr.  equiv.  184.8.  CuHjzO^.  Calculated  *7o:  C  70.91; 

H  11.90.  Neutr.  equiv.  186.3. 

The  following  constants  are  reported  in  the  literature  for  undecanoic  acid:  m.p.  28.5*  [13],  b.p.  168*  (11 
mm)  [14];  b.p.  164*  (15  mm)  [15]. 

Dodecyl  alcohol.  3.9  g  of  5-(6-hydroxyethyl)-5’ -methyl-2, 2'-dithienylmethane  and  about  18  g  of  Raney 
nickel  in  150  ml  of  95*7o  ethyl  alcohol  were  boiled  with  vigorous  stirring  for  three  hours.  After  this,  a  test  for  sul¬ 
fur  on  the  filtrate  was  negative.  The  precipitate  was  filtered  off  and  extracted  with  alcohol  in  a  Soxhlet  apparatus 
for  eight  hours.  The  filtrate  and  the  alcohol  extracts  were  combined  and  the  solvent  removed  using  a  flask  fitted 
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with  a  large  pear  fractionating  column  and  a  full  reflux  head.  The  residue  was  dissolved  in  ether  and  dried  with 
magnesium  sulfate.  Treatment  of  the  etlier  solution  in  the  usual  way  yielded  2.2  g  of  dodccyl  alcohol  with  b.p, 
132*  (9  mm)  and  m.p.  21*. 

Found 'yo;  C  76.90,  76.90;  11  13.84,13.83.  CeHjeO.  Calculated  •y®:  C  77.35;  1114.07. 

The  phenylurethan  of  dodecyl  alcohol  melted  at  76.5-77*  after  recrystallization  from  80^o  alcohol  and 
heptane. 

Found  C  74.35.  74.31;  11  9.96,10.02.  CbHjiOjN.  Calculated  <70:  C  74.71;  1110.23. 

Literature  data  for  dodecyl  alcohol;  m.p.  22.6*  [16],  b.p.  129-131*  (10  mm)  [17],  b.p.  130.3-130.4*  (7  mm) 
[18];  phenylurethan,  m.p.  78"  [19]. 

5,5' -Dimethyl-2,2’ -dithienylmetliane-(3  or  4)-carboxylic  acid.  To  a  solution  of  22  g  of  5, 5' -dimethyl- 
2, 2’ -dithienylmethane  in  50  ml  of  dry  ether  at  —5*  was  added  a  solution  of  7.7  g  of  n-butyllithium  in  ether. 

After  being  stirred  for  15  minutes,  the  mixture  was  poured  onto  a  mixmre  of  dry  ice  and  ether.  When  the  carbon 
dioxide  had  evaporated,  the  mixture  was  treated  with  very  dilute  acid  and  the  ether  layer  separated  and  extracted 
several  times  with  5%  aqueous  NaOH  solution.  The  alkaline  solution  was  acidified  with  dilute  hydrochloric  acid 
and  the  precipitated  acid  extracted  with  ether.  The  acid  remaining  after  evaporation  of  the  ether  was  pressed 
out  on  a  porous  plate  and  it  weighed  3.1  g.  The  yield  of  crude  acid  was  51*70  (on  the  5,5’-dimethyl-2,2’-dithi- 
enylinethane  which  reacted).  After  two  recrystallizations  from  50*70  alcohol  and  heptane,  the  acid  melted  at  157*. 

Found  *7o;  C  57.07,  57.04;  H  4.81,  4.78;  5  25.40,25.32.  CcHijOiSj.  Calculated  *7o;  C  57.11;  H  4.79; 

S  25.41. 

After  treatment  witii  aqueous  alkali,  the  ether  solution  was  washed  with  water  and  dried  with  calcium 
chloride.  From  it  we  isolated  17  g  (77.2*7®)  of  unreacted  5,5'-dimethyl-2,2’-dithienylmethane. 

2,2-Bis-(5-methyl-2-thienyl)-l,l,l-trichloroethane.  To  a  solution  of  15.3  g  of  chloral  hydrate  in  25  ml 
of  glacial  acetic  acid  was  added  18.1  g  of  2-methylthiophene  and  at  10-13*,  44.5  g  of  concentrated  sulfuric  acid 
was  added  over  a  period  of  2.5  hours.  The  mixture  was  then  stirred  at  20®  for  four  hours.*  The  thick  mass  formed 
was  poured  into  ice  water,  the  solid  precipitate  dissolved  in  etlier,  the  ether  solution  washed  with  sodium  bicar¬ 
bonate  solution  and  dried  with  calcium  chloride,  the  ether  removed  and  the  solid  residue  washed  with  alcohol; 
we  obtained  22.5  g  (75*7®)  of  a  substance,  which  melted  at  63-65*.  After  recrystallization  from  alcohol,  the  sub¬ 
stance  melted  at  68.5-69*.  The  m.p.  70-71*  is  reported  in  the  literature  [11]. 

Bis-(5-methyl-2-thienyl)acetic  acid.  To  a  mixture  of  14.7  g  of  2,2-bis-(5-methyl-2-thienyl)-l,l,l-tri- 
chloroethane  and  60  ml  of  diethylene  glycol  was  added  a  solution  of  18.9  g  of  KOH  in  13  ml  of  water.  The  mix¬ 
ture  was  stirred  and  boiled  for  3.5  hours  at  135°  and  then  cooled  and  poured  into  ice  water.  The  aqueous  solution 
was  filtered  free  from  a  dark  tar  and  heated  with  activated  charcoal  for  15  minutes  on  a  boiling  water  bath.  The 
filtrate  was  cooled  to  0°  and  acidified  with  50*70  hydrochloric  acid.  The  precipitated  acid  was  filtered  off  and 
washed  with  water.  We  obtained  6.4  g  (56*7o)  of  product  with  m.p.  90-91*.  After  recrystallization  from  50*7o  al¬ 
cohol  and  from  water,  the  acid  melted  at  92*. 

Found  *70;  C  57.39,  57.60;  11  4.95,5.00;  5  25.40,25.66.  Ci2Hb0^52.  Calculated  *7®:  C  57.11;  H  4.79; 

5  25.41. 

Decarboxylation  of  bis-(5-methyl-2-thienyl)acetic  acid.  A  mixture  of  5.3  g  of  acid,  1.5  g  of  powdered 
copper  and  25  ml  of  quinoline  was  slowly  heated  to  190*.  The  evolution  of  gas  began  at  160*.  When  the  evolu¬ 
tion  of  gas  ceased,  the  reaction  mixture  was  cooled,  diluted  with  ether,  the  copper  powder  filtered  off  and  the 
ether  solution  treated  with  ice  and  50  ml  of  dilute  hydrochloric  acid  (1:1).  The  ether  layer  was  separated, 
washed  with  dilute  hydrochloric  acid,  NaHC03  solution  and  water,  and  dried  with  magnesium  sulfate.  Removal 
of  the  etlier  left  2.8  g  of  a  solid  substance,  which  was  washed  with  alcohol  and  recrystallized  from  alcohol.  Part 
of  the  substance  dissolved  in  alcohol  with  difficulty.  Recrystallization  from  ethyl  acetate  yielded  0.25  g  of  a 
substance  with  m.p.  177*. 

•Truitt  et  al.  [12]  recommend  stirring  for  24  hours.  However,  we  noticed  that  with  such  prolonged  stirring,  a 
more  impure  product  was  obtained  Using  the  method  of  Feeman  et  al.  [20],  we  were  unable  to  obtain  2,2-bis- 
(5-methyl-2-thienyl)-l,l,l-trichloroethane  in  a  crystalline  state. 


Found 0  63.68,63.52;  H  5.08,  5.22;  5  30.30,30.13.  M  425.3.  C^HaS^.  Calculated ‘fe  0  63.72; 

H  5,35;  S  30.93.  M  414.66. 

From  tlie  composition  and  molecular  wei^t,  this  substance  may  be  considered  as  1,1,2,2-tetra -(5-methyl- 
2-thienyl)ethane. 

The  substance,  which  was  more  soluble  in  hot  alcohol  (1.8  g),  melted  at  39*;  it  did  not  depress  the  melting 
point  of  5,5’ -dimethyl-2,2’ -dithienylmethane. 

SUMMARY 

1.  An  investigation  was  made  of  the  interaction  of  n-butyllithium  with  5-methyl-2,2*-dlthienylmethane. 

It  was  shown  that  under  the  conditions  chosen  by  the  authors,  this  compound  gives  a  product  of  monometallation 
in  the  thiophene  ring. 

2.  In  experiments  on  the  metallation  of  5,5’ -dimethyl-2,2’ -dithienylmethane  and  the  subsequent  action  of 
carbon  dioxide,  it  was  possible  to  isolate  only  small  amounts  of  an  acid  of  undetermined  stmcture  which,  how¬ 
ever,  differed  from  bis-(5-methyl-2-tiiienyl)acetic  acid. 

3.  The  action  of  ethylene  oxide  or  carbon  dioxide  on  the  lithium  derivative  of  5-methyl-2,2’-dithienyl- 
methane  yielded  an  alcohol  and  an  acid,  respectively,  which  were  converted  to  dodecyl  alcohol  and  undecanoic 
acid  by  reductive  desulfurization. 
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REACTIONS  OF  ORGA  N  O  MONO  H  Y  DROX  YS IL  AN  ES  WITH  ISOCYANATES 
(SYNTHESIS  OF  S  IL  ICOORG  A  N IC  URETHANS) 

V.V.  Astakhin,  I.P.  Losev  and  K.A.  Andrianov 
V.I.  Lenin  All-Union  Electrotechnical  Institute 


From  the  literature  it  is  known  that  organic  alcohols  react  with  isocyanates  without  the  formation  of  side 
products.  The  reaction,  as  Wurtz  first  showed  [1],  is  accompanied  by  migration  of  the  hydrogen  atom  of  the  al¬ 
cohol  hydroxyl  group  to  the  nitrogen  atom  of  the  isocyanate  group. 

We  established  [2]  that  trialkylhydroxysilanes  react  with  diisocyanates  similarly  to  organic  alcohob  by  the 
scheme 

/NCO  xNHGOOSiRg 

n(  +  2HOSiR3  R< 

^NCO  \MlCOOSiR3. 

We  called  the  compounds  obtained  slUcoorganic  urethans.  They  were  white,  crystalline  substances,  which 
dissolved  in  benzene,  toluene  and  ether. 

The  starting  organomonohydroxysilanes  should  not  contain  water,  as  it  causes  the  formation  of  polyureas. 

OCNRNCO+H2O  OCNRNH2  +  CO2 
OCNRNH2-I- OC.NRNCO  OCNRNHCOHNRNCO,  etc. 

The  silicoorganic  urethans  were  very  sensitive  to  hydrolysis.  The  hydrolysis  proceeded  readily  under  the 
action  of  water  in  the  absence  of  catalysts.  To  prove  the  structure  of  the  urethans,  a  study  was  made  of  the  hy¬ 
drolytic  cleavage  reactions  of  the  latter.  From  the  study  of  the  hydrolysis  products,  it  was  established  that  the 
cleavage  of  the  silicoorganic  urethans  proceeds  by  the  scheme 

/.NHCOOSiRa  .Nllj 

R<  -f-  2H2O  -►  R<  +  2C02-|-2H0SiR3. 

\NHCOOSiR3  \NH2 

EXPERIMENTAL 

Synthesis  of  toluylene-2,4-bis-carboaminotriethylsilane.  A  mixture  of  43.5  g  of  freshly  distilled  meta- 
toluylenediisocyanate  [b.p.  127"  (16  mm),  n*®D  1.5665]  and  132  g  of  triethylhydroxysilane  [b.p.  69.5*  (18  mm), 
n*®D  1.4331;  containing  12.8^o  of  OH  groups]  was  placed  in  a  round -bottomed  flask  connected  to  a  reflux  con¬ 
denser,  closed  with  a  calcium  chloride  tube.  The  contents  of  the  flask  were  heated  with  periodic  mixing  on  a 
paraffin  bath  at  80-85"  for  one  hour.  The  liberation  of  gaseous  products  was  not  detected  during  the  heating,  in¬ 
dicating  that  no  traces  of  water  were  present  in  the  triethylhydroxysilane.  After  being  cooled  to  room  tempera¬ 
ture,  the  contents  of  the  flask  were  transferred  to  a  filter,  washed  several  times  with  benzine,  dried  in  air,  and 
recrystallized  from  hot,  anhydrous  toluene.  We  obtained  39.4  g  (36*70)  of  a  white  powder  with  m.p.  152-153*. 

Found  *70:  0  57.50,57.46;  H  8.66,  8.58;  5113.10,13.01;  N  6.54,  6.64.  M  449.  C2iH„04N,Si2.  Cal¬ 
culated  *70:  C  57.53;  H  8.67;  Si  12.78;  N  6.39.  M  438. 
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Hydrolysis  of  toluylene-2,4-bis-carboaminotriethylsilane.  The  toluylene-2,4-bis-carboaminotriethylsilane 
was  hydrolyzed  in  a  two-necked  flask,  fitted  with  a  reflux  condenser  connected  to  a  trap  with  sulfuric  acid,  a  U- 
shaped  calcium  chloride  tube  for  drying  the  carbon  dioxide,  two  successive  potash  bulbs  with  concentrated  KOH 
solution  to  trap  carbon  dioxide  and  a  control  calcium  chloride  tube.  The  second  neck  of  the  flask  was  connected 
to  a  tank  with  nitrogen.  Into  the  flask  was  placed  4.0078  g  of  toluylene-2,4-bis-carboaminotriethylsilane  and 

50  ml  of  water.  The  contents  of  the  flask  were  boiled  for  four  hours,  while  a  constant,  gentle  stream  of  nitrogen 
was  passed.  As  a  result  of  the  hydrolysis  two  layers  formed  in  the  flask,  an  upper  one  (triethylhydroxysilane)  and 
a  lower  one  containing  meta-toluylenediamine. 

The  flask  was  cooled  to  room  temperature  and  the  upper  layer  extracted  three  times  with  petroleum  ether 
in  25-30  ml  portions.  After  each  extraction,  the  lower  layer  was  run  into  the  reaction  flask  from  the  separating 
funnel.  The  petroleum  ether  was  distilled  from  the  edier  extract  under  water-pump  vacuum.  We  isolated  2.349  g 
(97.24*^)  of  triethylhydroxysilane  with  b.p.  162-163*.  According  to  literature  data  [3],  the  boiling  point  of  tri¬ 
ethylhydroxysilane  is  153-154*. 

Found‘d  0  54.43,54.68;  H  12.14,  12.15;  51  21.46,21.74.  CeHjfiSiO.  Calculated 0  54.50;  H  12.12; 

51  21.21. 

The  higher  boiling  point  of  the  triethylhydroxysilane  in  comparison  with  literature  data  is  evidently  caused 
by  small  traces  of  hexaethyldisiloxane. 

The  contents  of  tlie  reaction  flask  were  transferred  to  a  Wurtz  flask.  The  separating  funnel  and  the  reac¬ 
tion  flask  were  carefully  washed  with  ethyl  alcohol  and  the  wash  alcohol  also  transferred  to  the  Wurtz  flask.  The 
etliyl  alcohol  and  water  were  distilled  off  at  first  under  normal  fxressure  and  then  in  vacuum.  The  weight  of  the 
residue  of  meta-toluylenediamine  with  m.p.  97-98*,  after  removal  of  the  alcohol  and  water,  was  1,03  g  (91. 9*70). 
Recrystallization  from  alcohol  yielded  0.78  g  (70^o)  of  meta-toluylenediamine  with  m.p.  98-99*. 

Found  <70:  0  69.08,69.13;  11  7.95,7.95;  N  22.48,  22.41.  CjHioNj.  Calculated  «/o;  0  68.85;  H  8.19; 

N  22.95. 

The  amount  of  COj  liberated  was  determined  from  the  increase  in  total  weight  of  the  potash  bulbs  and  the 
control  tube,  which  equaled  0,7952  g  (98. 75*^^). 

Synthesis  of  toluylene-2,4-bis-carboaminodiethylpropylsilane.  A  mixmre  of  43.5  g  of  freshly  distilled 
meta-toluyleneisocyanate  (m.p.  21*,  1.2385,  n^’*D  1.5663)  and  73  g  of  diethylpropylhydroxysilane  [b.p.  171- 

172*  (747  mm),  n^®D  1.4365;  containing  11.7*70  of  OH  groups]  were  placed  in  a  round -bottomed  flask  connected 
to  a  condenser,  closed  with  a  calcium  chloride  tube.  With  periodic  mixing,  the  contents  of  the  flask  were  heated 
on  a  paraffin  batli  at  80-85*  for  one  hour.  The  evolution  of  gaseous  products  during  the  heating  was  not  observed, 
indicating  that  traces  of  water  were  absent  from  tlie  diethylpropylhydroxysilane.  After  being  cooled  to  room  tem¬ 
perature,  the  contents  of  the  flask  were  transferred  to  a  filter,  washed  several  times  with  benzine,  dried  in  air, 
and  recrystallized  from  hot,  anhydrous  toluene.  We  obtained  38.44  g  (33*70)  of  a  white  powder  with  m.p.  140-141*. 

Found  *]fc:  0  58:97,58.95;  H  9.08,  9.12;  N  6.2,  6.3;  Si  12.02,  11.70.  M  449.8.  C2sH4204N2Si2.  Calcu¬ 
lated  *70:  C  59.22;  H  9.01;  N  6.00;  Si  12.01.  M  466. 

Hydrolysis  of  toluylene-2,4-bis-carboaminodiethylpropylsilane.  The  experiment  was  similar  to  the  one 
described  above.  In  the  reaction  was  used  4  g  of  toluylene-2,4-bis-carboaminodiethylpropylsilane  and  50  ml  of 
water.  The  total  increase  in  weight  of  the  potash  bulbs  and  the  control  calcium  chloride  tube  was  0.7425  g 
(98.3*7o)  As  in  the  hydrolysis  of  toluylene-2,4-bis-carboaminotriethylsilane,  two  layers  were  formed  in  the  reac¬ 
tion  flask,  the  upper  one  oily  (dietliylpropylhydroxysilane)  and  the  lower  containing  meta-toluylenediamine. 

Synthesis  of  toluylene-2.4-bis-carboaminodietliylbutylsilane.  A  mixture  of  43.5  g  of  freshly  distilled 
meta-toluylenediisocyanate  (m.p.  21*,  1.2385,  n*®D  1.5663)  and  80  g  of  diethylbutylhydroxysilane  [b.p.  190" 

(744  mm),  n*®D  1.4390;  containing  10.6*70  of  OH  groups]  was  placed  in  a  round -bottomed  flask  connected  to  a 
condenser,  fitted  with  a  calcium  chloride  tube.  With  periodic  mixing,  the  contents  of  the  flask  were  heated  on 
a  paraffin  bath  at  80-85"  for  one  hour.  The  evolution  of  gaseous  products  during  heating  was  not  observed,  in¬ 
dicating  that  traces  of  water  were  not  present  in  the  diethylbutylhydroxysilane.  After  cooling  to  room  tempera¬ 
ture,  the  contents  of  the  flask  were  transferred  to  a  filter  and  washed  several  times  with  benzine,  then  dried  in 
air,  and  recrystallized  from  hot,  anhydrous  toluene.  We  obtained  37.05  g  (30*7°)  of  a  white  powder  with  m.p. 
104-106*. 


Found  *70:  0  60.66,60.52;  H  9.42,  9.47;  N  6.05,  6.13;  SI  11.3.  M  479.  €25^^604^2512*  Calculated  "/o: 
C  60.72;  H9.31;  N  5.66;  Si  11.33.  M  494. 


SUMMARY 

1.  Three  sllicoorganic  urethans  which  are  not  described  in  the  literature  were  synthesized  and  their  struc¬ 
tures  established. 

2.  It  was  found  that  sllicoorganic  urethans  are  readily  hydrolyzed  by  the  action  of  water  in  the  absence  of 
catalysts  with  the  formation  of  a  diamine,  a  trialkylhydroxysilane  and  carbon  dioxide 
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INVESTIGATIONS  IN  THE  FIELD  OF  ALKOX  YSILAN  ES 


Xm.  THE  REACTION  OF  SILOXANES  WITH  ALKOXYSILANES. 

A  NEW  METHOD  OF  SYNTHESIZING  ALKOXYSILANES  AND  SILOXANES* 

M.G.  Voronkov 

Institute  of  Silicate  Chemistry,  Academy  of  Sciences,  USSR 


We  previously  showed  [2]  that  it  was  possible  to  prepare  organoalkoxysilanes  by  cleavage  of  organosiloxanes 
with  alcohols  in  the  presence  of  alkaline  catalysts  by  the  general  scheme 

l/m(R,SiO,  (4 -n)R  OH  R,Si(OR'),^, 

where  n  =  1~3,  R  represents  similar  or  different  hydrocarbon  radicals  and  the  degree  of  polymerization,  rn,  may 
be  varied  over  a  wide  range. 

This  synthesis  was  accomplished  under  conditions  which  ensured  tliat  the  water  formed  was  removed  from 
the  reaction  sphere  either  by  continuous  azeotropic  distillation  or  by  dehydrating  agents.  In  particular,  for  the 
latter  we  used  tetraalkoxysilanes,  which  are  readily  hydrolyzed  by  water  in  an  alcoholic  alkaline  medium  (cf.  [3]). 

Si(OR)4  +  4H2O  ->  4ROH  +  Si(OH)4  -►  SiOj  +  2H2O 

Thus,  for  example,  the  formation  of  dlmethyldlethoxysilane  from  polydimethylsiloxane  and  ethyl  alcohol 
in  the  presence  of  tetraethoxysilane  may  be  represented  by  the  following  equations. 

KOH 

l(CH3)2Si01„  +  2nC2H60H  ;=.-i±  n(CH3)2Si(OC2H5)2  +  nH20  (n  >  3) 

KOH 

nH20  -f  0.5nSi(OC2H6)4 - >  0.5(SiO2),  +  2nC2H60H 

Summarizing  these  equations  shows  that  the  reaction  proceeds  by  the  scheme 

KOH 

21(CH3)2Si01„  +  nSi(OC2H6)4 - ^  2n(CH3)2Si(OC2H5)2  +  (Si02)„. 

Consequently,  die  alcohol  hardly  participates  in  the  reaction  and  the  formation  of  dimethyldiethoxysllane 
proceeds  by  the  Interaction  of  polydimethylsiloxane  witii  tetraethoxysilane. 

Experiments  completely  confirmed  this  hypotiiesis.  We  showed  that  simple  distillation  of  a  mixture  of  a 
linear,  branched  or  cyclic  organosiloxane  with  a  tetraalkoxysilane  (or  an  organoalkoxysilane)  in  the  presence  of 
an  alkaline  catalyst  (for  example,  KOH)  gave  an  excellent  yield  of  the  conesponding  organoalkoxysilane.  Thus, 
we  found  a  new,  simple  and  convenient  method  of  preparing  organoalkoxysilanes,  based  on  the  cleavage  of  or¬ 
ganosiloxanes  by  alkoxysilanes.  In  the  case  of  SifOR)^,  the  reaction  may  be  represented  by  the  following  general 
scheme: 


•Presented  on  May  14,  1958  at  the  symposium  on  organosilicon  chemistry  in  Dresden  (German  Dem.  Rep.).  For 
the  previous  communication  see  [1]. 
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+  (/,  _  n)Si(0H')4  — ^  4R„Si(()H')^_„  1  ('•  -  «)Si02, 

where  n  =  2-3  and  m  may  be  varied  over  a  wide  range. 

By  tliis  method,  we  prepared  the  series  of  dialkyldialkoxy-  and  trialkylalkoxysilanes  presented  in  Table  1. 

We  should  note  tliat  the  reaction  of  tetraalkoxysilanes  with  hexaalkyldisiloxanes,  where  the  electrophilic  nature 
of  the  silicon  atoms  is  weaker  than  in  other  organosiloxanes,  proceeded  very  much  more  slowly  and  the  yields  of 
the  trialkylalkoxysilanes  could  have  been  better  (below  50*70).  However,  in  the  presence  of  other  organosiloxanes, 
containing  the  grouping  113810  [for  example,  (R3S10)4Si  or  (R3S10)3SiR'’],  the  yields  of  trialkylalkoxysilanes  reached 
75-85*70.  In  the  case  of  (R3SiO)3SiR",  alkyltrialkoxysilanes  were  formed  together  with  trialkylalkoxysilanes  and 
linear  polyalkylsiloxanes  formed  simultaneously  the  corresponding  dialkyldialkoxy-  and  trialkylalkoxysilanes. 

2n"Si(()Si  113)3  t-3Si(()n')4  2H''Si(OR')3-[-6R3SiOR'-f  3Si02 

R3Si(OSi  R2)„OSiR3  +  {n  }- 0..5)Si(OR')4  2R3SiOR'  +  nR2Si(OR')2  -f  (n  +  0.5)SiO2 

Thus,  for  example,  the  reaction  of  methyltris(trimethylsiloxy)silane  with  tetramethoxysilane  formed  tri- 
methylmethoxysilane  and  methyltrlmethoxysilane  in  yields  of  36  and  48*7o,  respectively,  while  the  interaction  of 
octametliyltrisiloxane  witli  tetraethoxysilane  gave  trimethylethoxysilane  and  dlmethyldiethoxysilane  (50  and  80*7o, 
respectively). 

Instead  of  tetraalkoxysilanes,  one  may  introduce  into  the  reaction  the  organoalkoxysilanes,  RjjSi(OR’)4-n 
(n  =  1  -3),  which  are  converted  into  the  corresponding  mono-  or  polymolecular  organosiloxanes.  Thus,  for  ex¬ 
ample,  the  reaction  of  octamethylcyclotetrasiloxane  with  trimethyl -n-amoxysilane  proceeded  by  the  scheme 
(in  this  case  R,  R"  —  CII3  and  R’  ^n-CsHji): 

1/m(R2‘^i<>),„  l-^R^SiOll - ^  R2Si(OR)2-|  R^SiOSiR,, 

whereby  the  yield  of  hexamethyldlsiloxane  and  dimethyldiamoxysilane  were  57*7o  and  5ff7o,  respectively. 

A  mixture  of  polyetlioxysiloxanes  was  formed  in  the  reaction  of  polydimethylsiloxane  with  excess  tetra- 
etlioxysilane. 

.f/i-l)/m(R2SiO)m  I  «Si(Oir)4  (n-l)R2Si(OR')2-f-(R'0)3SilOSi(OR')2l;.-,OR' 

From  the  mixture  we  isolated  individual  compounds  with  n  =  2-3  (compounds  with  n  >  3,  which  were 
formed,  were  not  identified). 

The  reaction  of  polydimethylsiloxane  with  excess  methyltri-n-butylsilane  proceeded  similarly  and  gave 
polysiloxanes  of  the  type  (R’0)RSi[0Si(0R')R]ii0R’.  We  should  note  that,in  both  cases,  the  reaction  mixture  was 
filtered  and  acidified  witli  m  eta  phosphoric  acid,  after  distillation  of  the  dialkyldialkoxysilane,  to  prevent  dispro¬ 
portionation  of  the  alkoxysiloxanes  formed. 

The  examples  presented  above  indicate  that  the  reaction  of  alkoxysilanes  with  siloxanes  is  also  applicable 
as  a  metliod  of  preparing  siloxanes.  The  processes  thus  occurring  may  be  compared  in  a  purely  formal  way  with 
a  hydrolysis  of  alkoxysilanes  in  which  tire  role  of  water  is  played  by  an  organosiloxane. 

Together  with  individual  low  and  high-molecular  organosiloxanes  and  various  mixtures  of  them,  it  is  also 
possible  to  use  as  starting  materials  for  the  synthesis  of  organoalkoxysilanes  and  siloxanes,  polyorganosiloxanes  — 
incompletely  condensed  hydrolysis  products  of  organohalosilanes. 

The  reactivity  of  organosiloxanes  in  their  cleavage  by  alkoxysilanes  in  the  presence  of  alkaline  catalysts 
falls  in  the  series;  (R2SiO)fj4.2  >  (R2SiO)n+3  >  R3Si(OSiR2)nOSiR3  >  R3Si(OSiR2)n-iOSiR3(n  2:  1).  Their  reactivity 
toward  bases  also  falls  in  the  same  order  [4].  Increasing  the  length  or  the  branching  of  the  organic  radicals,  both 
in  the  starting  siloxanes  and  in  the  alkoxysilanes  hinders  their  reaction.  Tlius,  for  example,  hexaethyldisiloxane 
hardly  reacts  with  tetraisobutoxysilane,  while  when  reacted  with  tlie  latter,  hexamethylcyclotrisiloxane  was  70-80*7o 
converted  into  dimethyldiisobutoxysilane  and  octaethylcyclotetrasiloxane  was  47*7o  converted  into  dietliyldiiso- 
butoxy.silane. 
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Analysis,  Physical  Constants  and  Yields  of  the  Siloxanes  and  Alkoxysilanes  Obtained 
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le  figures  in  brackets  refer  to  die  numbers  of  the  starting  materials  in  Table  2. 
n  the  presence  of  FeClj,  die  yield  was  SBPjo. 

Yield  of  pure  substance. 


In  our  opinion,  the  mechanism  of  the  cleavage  reaction  of  organoslloxanes  by  alkoxysilanes  is  similar  to 
the  mechanism  of  the  alkali-catalyzed  rearrangement  of  organopolyslloxanes  [4,  5].  It  may  be  represented  by 
the  following  scheme  (the  stars  mark  the  silicon  atom  of  the  original  alkoxysilane); 

-rSiOSif -f-  irri^^SiH -f--7SiO-;  (B=IIO-;  RO"  etc.)> 

/  \  /  / 

^SiO-  I-  ROSi-^  :^±SiOR+  ^SiO-; 

^SiO-  4-  ROSi^  ^SiOSi^-f  RO"; 

^SiOSi^  4-  RO-  ^SiOR  |-  ^SiQ-etc. 

When  the  hydroxides  of  alkali  metals  are  used  as  catalysts,  the  initiation  of  the  reaction  may  proceed  by 
another  scheme*;  ^SiOR-|-  KOH  ^SiOK4-R^H,  but  the  rest  of  the  reaction  mechanism  remains  the 
same. 


Thus,  the  reaction  considered  is  a  base-catalyzed  rearrangement  of  Sl-O-Si  and  Sl-O-C  bonds,  whose 
equilibrium  may  be  displaced  by  removal  of  the  most  volatile  component  from  the  reaction  sphere.  In  the  par¬ 
ticular  case,  this  reaction  may  be  an  intramolecular  rearrangement  of  alkoxysiloxanes,  which  simultaneously 
contain  Si— O-Si  and  Si— 0-C  bonds.  Thus,  for  example,  Malatesta  [6]  observed  the  disproportionation  of  linear 
polyethoxysiloxanes  in  the  presence  of  sodium  or  aluminum  ethoxide. 

RO- 

(RO)3Si|OSi(OR)2l„OSi(OR)3  Si(OR),  4-  («  +  l)/mlOSi(OR)2lm;  ( R  =  C2H5) 

The  possibility  of  polymethoxysiloxanes  disproportionating  during  their  distillation  has  also  been  reported 

[7]. 

We  found  that  the  similar  disproportionation  of  polyalkoxysiloxanes,  which  is  also  catalyzed  by  various  al¬ 
kaline  reagents  (KOH,  etc.),  may  proceed  more  extensively  and  go  right  to  the  formation  of  SiOj: 

2RO((RO)2Si(  )l„R  (n  }  I  )Si(OR)4  4- (;i  —  OSiOo, 

where  n  a  2.  Polymethoxysiloxanes  are  almost  quantitatively  (93-95%)  disproportions  ted  and  linear  polyethoxy¬ 
siloxanes  are  15-35%  disproportionated  by  this  scheme.  The  cyclic  polydiethoxysiloxanes  are  also  readily  dis- 
proportionated  in  the  presence  of  alkali  by  the  scheme 

2((RO)2Si01„  —-L  /iSi(OR)4  4- nSiO..,. 

This  indicates  that  tlie  scheme  for  the  disproportionation  of  polyalkoxysiloxanes,  put  forward  by  Malatesta 
previously  [6],  is  not  completely  correct  as  polydialkoxysiloxanes  may  disproportionate  under  the  action  of  alkali 
right  to  Sip2  or  polysilicic  esters  with  a  very  low  content  of  alkoxy  groups. 

In  the  presence  of  alkalis,  polyorganoalkoxysiloxanes  also  undergo  the  same  conversions  as  polyalkoxysilox¬ 
anes.  Thus,  for  example,  1,3-dibutoxytetramethyldisiloxane  is  60-65*^0  converted  into  dimethyldibutoxysilane 
when  distilled  over  9-10  mole  %  of  KOH. 

In  conclusion,  we  should  note  tliat  the  cleavage  of  siloxanes  by  alkoxysilanes  also  occurs  under  the  action 
of  electrophilic  catalysts  (for  example,  those  like  fenic  chloride**).  Thus,  in  the  reaction  of  tetramethoxysilane 


•From  the  reaction  of  anhydrous  KOH  with  R3SiOR’  or  SI(OR')4.  together  with  R*OH  we  isolated  R3SiOK  or  (R*0)3- 
SiOK,  respectively,  which  can  also  catalyze  the  reaction  of  alkoxysilanes  with  siloxanes. 

**It  is  interesting  to  note  that  siloxanes  may  also  be  cleaved  by  alkoxy  derivatives  of  certain  other  elements 
and  we  shall  discuss  this  in  a  later  communication. 
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with  hexametliyldisiloxane  in  tlie  presence  of  ferric  chloride,  the  yield  of  trimethylmethoxysilane  reached  31*^, 
while  in  the  presence  of  KOII  It  equaled  17-25*^.  However,  in  the  presence  of  FeClg,  octamethoxycyclotetra- 
siloxane  hardly  reacts  with  tetralsopropoxysilane,  wiiile  when  KOH  is  used  as  catalyst,  dimethyldilsopropoxysilane 
is  formed  in  67*70  yield. 

EXPERIMENTAL* 

Starting  materials.  We  previously  described  the  syntliesis  and  purification  of  the  starting  tetraalkoxysilanes 
[8,  9].  Tlie  linear  polymethoxy-  and  polyethoxysiloxanes  (cf.  [6,  7, 10])  were  obtained  by  hydrolysis  of  large 
amounts  (1-1.5  kg)  of  Si(CX:^H5)^  or  Si(OC2H5)4  in  the  appropriate  alcohol  (HCl  catalyst).  Tliey  separated  by  re¬ 
peated  fractional  distillation  in  vacuum  on  a  column  witii  a  glass  packing  in  the  presence  of  traces  of  phosphoric 
acid.**  Octaetiioxycyclotetrasiloxane  was  prepared  together  with  linear  polyethoxysiloxanes  by  hydrolysis  of 
tetraethoxysllane.  1,3-Dibutoxytetramethyldisiloxane  and  1,5-dibutoxyhexamethylsiloxane  were  obtained  by  the 
reaction  of  dimethyldichlorosilane  witii  moist  n -butyl  alcohol.  Hexamethylcyclotrisiloxane  was  obtained  from 
the  liquid  hydrolysis  products  of  pure  dimethyldichlorosilane  [11]  (destructive  distillation  in  the  presence  of  KOH). 
Fractional  distillation  of  these  also  yielded  octametiiylcyclotetrasiloxane  and  decametiiylcyclopentasiloxane  [11]. 
Hexaetiiylcyclotrisiloxane  and  octaetiiylcyclotetrasiloxane  were  obtained  by  controlled  hydrolysis  of  diethyldi- 
chlorosilane  [12].  The  linear  polydimethylsiloxane  was  the  industrial  elastomer  witii  a  molecular  weight  of 
204,700.  Hexametliyldisiloxane  was  obtained  from  the  azeotrope  of  silicon  tetrachloride  with  trimethylchloro- 
silane  [13]  (industrial  fraction  from  direct  synthesis).  Hexaethyldisiloxane  was  obtained  by  the  reaction  of  tri- 
ethylsilane  with  sulfuric  acid  in  the  presence  of  mercury  sulfate  [14].  Tetrakis(trimethylsiloxy)silane,  methyl- 
tris(trinietiiylsiloxy)silane  and  octamethyltrisiloxane  were  obtained  by  the  reaction  of  trimetiiyliodosilane  with 
Si(C)C2^J5)4.  CH3Si(C)C2H5)j  or  (CH3)2Si(OC2Hs)2,  respectively,  in  the  absence  of  catalysts  [9, 15].  Trimethyl-n- 
amoxysilane  was  obtained  in  87*70  yield  by  the  reaction  of  hexamethyldisiloxane  with  n-amyl  alcohol  in  the 
presence  of  tetra  ethoxy  silane  [2].  Methyltrl-n-butoxysilane  was  obtained  from  CH3SiCl3  and  n-C4H90H  in  the 
presence  of  pyridine  [16]. 

The  physical  constants  of  all  the  starting  materials,  purified  by  distillation  on  a  column,  are  presented  in 
Table  2. 

Description  of  experiments.  In  view  of  the  simplicity  of  the  procedure,  only  the  most  typical  experiments 
are  described  below.  Data  on  the  rest  of  the  experiments  is  given  in  Table  1.  With  anhydrous  potassium  or  sodium 
hydroxides  used  as  catalysts,  the  formation  of  an  amount  of  alcohol,  equivalent  to  the  amount  of  alkali  taken, 
was  observed  in  all  experiments. 

Synthesis  of  dimethyldietiioxysilane.  29.7  g  of  hexametiiylcyclotrisiloxane,  octametiiylcyclotetrasiloxane 
or  a  mixture  of  liquid  cyclic  and  linear  polydimethylsiloxanes  or,  finally,  solid,  high-molecular  linear  polydi¬ 
methylsiloxane  was  mixed  with  83.3  g  of  tetraethoxysllane  and  0.5-1  g  of  powdered  KOH.  When  the  reaction 
mixnire  was  distilled,  47.5-51  g  of  dimethyldietiioxysilane  with  n?®D  1.3813,  i.e.,  80-86*70  of  theoretical,  cal¬ 
culated  on  the  starting  polydimethylsiloxane  (the  yields  of  separate  experiments  are  presented  in  Table  1),  passed 
over  at  113-114*.  After  distillation  on  a  column,  the  dimethyldietiioxysilane  had  the  constants  presented  in 
Table  1.  Further  distillation  of  the  reaction  mixture  yielded  20-21  g  of  starting  tetraethoxysllane  with  b.p.  163- 
167*5  n*®D  1.3842.  A  solid  residue  (mainly  Si02)  was  left  in  the  distillation  flask. 

Syntiiesis  of  dimetliyldiisobutoxysilane.  A  mixture  of  14.8  g  of  liquid  polydimethylsiloxanes,  54.5  g  of 
tetraisobutoxysilane  and  0.5  g  of  KOH  was  distilled.  This  formed  38.0  g  of  dimethyldiisobutoxysilane  with  b.p. 
173-181®,  n*®D  1.4000  (yield  93*7o)  and  14.0  g  of  the  original  tetraisobutoxysilane  witii  b.p.  241-245®,  n*®D  1.4067. 
After  a  second  distillation  on  a  column,  the  dimethyldiisobutoxysilane  had  the  constants  given  in  Table  1. 

Synthesis  of  trimethylethoxysilane.  A  mixture  of  19.3  g  of  tetrakis(trimethylsiloxy)silane,  20.8  g  of  tetra - 
ethoxysilane  and  0.5  g  of  KOH  was  distilled  slowly.  18.4  g  (78*7o)  of  trimetiiylethoxysilane  with  n*®D  1.3771  dis¬ 
tilled  over  at  77-80®.  Further  distillation  gave  10.0  g  of  the  starting  tetraethoxysllane  with  b.p.  163-168®,  n*®D 
1.3838. 

•Together  witii  I.B.  VasiTeva. 

••Otherwise  tiie  higher  polymetlioxysiloxanes  disproportionated  under  the  action  of  the  alkali  of  the  glass  (and 
also  iron,  which  formed  FeCl3  with  traces  of  HCl),  as  was  observed  previously  [7]. 


TABLE  2 


Properties  of  Starting  Materials 


4) 

tL  . 

t/y 

Formula 

B.p.  (pres¬ 
sure  in  mm 

D 

m 

1 

(Cll30)4Si* 

121.0°(760) 

1.0.35 

1.3689 

2 

(G, 1150)48! 

168.3  (760) 

0.93343 

1.3830 

3 

(n  -C^ II  70)48! 

107  (10) 

0.9112 

1.4012 

4 

(iso '-031170)48! 

185.5  (760) 

0.8751 

1.3851 

5 

(n  -C4lIpO)48i 

150  (10) 

0.8982 

1.4134 

6 

(iso  -C4ll{,0)48i 

127  (10) 

0.8857 

1.4068 

7 

(Cll30)„8i.^O 

58  (1) 

1.1222 

1.3806 

H 

(Cll30)c8i30., 

107  (1) 

1.1655 

1.3869 

9 

(C.4l50y„Si20 

99  (1) 

0.9979 

1.3915 

10 

(021150)88130., 

132  (1) 

1.0300 

1.3950 

11 

(02ll50),oSi403 

171  (5) 

— 

1.3978 

12 

l(0.,ll50)..Si01,** 

156  (3) 

1.0972 

1.4016 

13 

l(on3).,sioi3 

134.6  (760) 

M.p. 

64.5*" 

14 

1(01 13)2^^1014*** 

175.8  (760) 

0.9561 

1..3968 

15 

l(Oll3).28iOl5 

101  (20) 

0.9597 

1 .3982 

16 

l(Oll3)>SiO|.27fi0 

—  — 

M  2{)A  7(K1 

17 

|C,,llr,).,8iO|3**** 

122.5  (10) 

0.9.555 

1.4:108 

IS 

uo.,H5).2Sioi4 

160  (10) 

0.9636 

1.43:18 

19 

(0ll3)3SiOSi(0H3)3 

100.4  (760) 

0.7636 

1..3774 

20 

(G,ll5):,SiOSi(0,2H.-,):« 

103  (10) 

0.8443 

1.4:140 

21 

|(OH3)3SiO|,8i 

69  (I..5) 

0.8675 

l.,3S92 

22 

|(0H3)..SiOl.,Si0ll3 

190  (760) 

0.8.500 

1.:i.S79 

2.3 

1(011.3)38101,81(0113)., 

152.5  (760) 

0.82(H) 

l.:iS49 

24 

IO4 II., 0(011., ).Sil20 

KM)  (10) 

— 

1.405 

2.5 

(0 II  3)3810051 1  j,-n 

145  (760) 

— 

1.4(KK1 

26 

0ll3Sl(O(', 4113)3 

114  (10) 

0.S771 

1.4109 

•M.p.  4.5*.  '' 

••M.p.  8.0*. 

•••M.p.  17.6*. 

****M.p.  14.0*. 

After  distillation  on  a  column,  the  trimethylethoxysllane,  obtained  in  this  way  from  methyltrls(trlmethyl- 
sIloxy)silane,  had  tlie  constants  presented  in  Table  1. 

Reaction  of  octamethylcyclotetrasiloxane  with  trimethyl-n-amoxysilane.  A  mixture  of  64.1  g  of  trimethyl- 
n-amoxysilane  and  14.8  g  of  octamethylcyclotetrasiloxane  was  slowly  distilled  over  0.3  g  of  KOH.  At  97-101*, 
18.4  g  (51°Jo)  of  hexamethyldisiloxane  with  n^®D  1.3795  distilled  over  and  possessed  the  constants  given  in  Table  1 
after  distillation  over  sodium.  Distillation  of  the  residue  from  the  flask  gave  26.5  g  (57*^0)  of  dimethyldi-n- 
amoxysilane  witli  b.p.  219-225*,  n^®D  1.4123. 

Preparation  of  trimethyletlioxysilane  from  hexamethyldisiloxane.  Into  the  distillation  flask  of  a  fractionat¬ 
ing  column  witii  an  efficiency  of  35  theoretical  plates  was  placed  81.2  g  of  hexamethyldisiloxane,  104.2  g  of 
tetraetlioxysilane  and  1.2  g  of  KOH.  Slow  distillation  of  tite  reaction  mixture  yielded  9.0  g  of  an  azeotrope  of 
trimetliylethoxysilane  with  ethyl  alcohol  with  b.p.  68*  and  88  g  of  a  fraction  with  b.p.  77-80*.  Distillation  of 
this  on  the  same  column  over  metallic  sodium  gave  48.5  g  of  trimetliylethoxysilane  with  b.p.  74-75*,  d*®4  0.757, 
n*®D  1.3742  (yield  41*70,  calculated  on  the  starting  hexamethyldisiloxane  or  59*70,  calculated  on  that  which  reacted) 
and  24.5  g  of  unchanged  hexametliyldisiloxane  with  b.p.  99-100*  and  n^®D  1.3774.  A  further  small  amount  of 
trimethylethoxysllane  could  be  isolated  from  the  azeotropic  mixture. 

Reaction  of  tetraethoxysilane  with  octamethyltrisiloxane.  A  mixture  of  23.7  g  of  octamethyltrisiloxane, 

31.2  g  of  tetraethoxysilane  and  0.3  g  of  KOH  was  distilled  slowly.  35.2  g  of  distillate  was  collected  at  77-115*, 
treated  with  metallic  sodium  and  distilled  over  it  on  a  column.  Tltis  yielded  11.8  g  (50*70)  of  trimethyletlioxy- 
silane  with  b.p.  75.5-75.6*  (767  mm),  d^®4  0.757,  n^®D  1.3745  and  11.9  g  (80*7j)  of  dimethyldiethoxysilane  with 
b.p.  114.5-115.0*  (768  mm),  d^®^  0.840,  n^®D  1.3812.  Distillation  of  the  combined  high -boiling  residues  from  the 
two  distillations  gave  10  g  of  starting  tetraethoxysilane  with  b.p.  163-168“,  n^®D  1.3840. 
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Reaction  of  methyltris(triniethylsiloxy)silane  with  tetramethoxysilane.  A  mixture  of  31.1  g  of  metiiyltris- 
(trimetliylsiloxy)silane,  30.5  g  of  tetrametlioxysilane  and  0.4  g  of  KOH  was  slowly  distilled;  this  yielded  two 
main  fractions  witli  b.p.  55-58*  (19.0  g)  and  99-104*  (7.0  g).  Distillation  of  the  first  fraction  on  a  column  over 
metallic  sodium  gave  11.3  g  (36*70)  of  trimethylmethoxysilane  with  b.p.  57-58*  (767  mm),  n*®D  1.3680  and  6.5  g 

of  methyltrimethoxysilane  with  b.p.  102-104*,  n*®D  1.3710. 

Disproportionation  of  hexamethoxydisiloxane  and  octamethoxytrisiloxane.  77.5  g  of  hexamethoxydlsiloxane 
was  distilled  over  0.5  g  of  KOH.  At  120-121*,  65.1  g  of  tetramethoxysilane  with  n*®D  1.3682  (95*70  yield)  passed 
over.  After  a  second  distillation  on  a  column  over  metallic  sodium  it  had  the  constants  presented  in  Table  1. 
Similarly,  on  distilling  54.7  g  of  octamethoxytrisiloxane  over  0.2  g  of  KOH,  we  obtained  43.4  g  (95*7o)  of  tetra¬ 
methoxysilane  witii  b.p.  118-121*,  n*®D  1.3689.  In  both  cases,  a  dry,  solid  white  residue  of  SiO^  remained  in  the 
distillation  flask. 

Disproportionation  of  octa ethoxy trisiloxane  and  hexa ethoxy disiloxane.  47.8  g  of  octaethoxytrisiloxane  was 
distilled  over  0.2  g  of  KOH.  At  164-167*  33.3  g  (80*7o)  of  tetra  ethoxy  silane  with  ii?®D  1.3833  distilled  over. 
Similarly,  distillation  of  34.3  g  of  hexaethoxydisiloxane  over  0.3  g  of  KOH  yielded  26.5  g  (84.5*70)  of  tetraethoxy- 
silane  with  b.p.  164-166*,  n*®D  1.3837.  After  a  second  distillation  over  sodium  on  a  column,  the  latter  had  the 
constants  presented  in  Table  1. 

In  both  experiments  there  remained  in  the  distillation  flask  a  solid  residue  of  SiO^,  which  was  insoluble  in 
organic  solvents,  and  a  small  amount  of  liquid  polysilicic  ester,  which  solidified  on  cooling. 

Disproportionation  of  octaethoxycyclotetrasiloxane.  26.8  g  of  octaethoxycyclotetrasiloxane  was  distilled 
over  0.2  g  of  KOH;  this  gave  15.6  g  (75*7o)  of  tetraethoxysilane  with  b.p.  165-169*,  n*®D  1.3835.  The  residue  in 
die  distillation  flask  consisted  of  SiC^  and  a  viscous  polysilicic  ester,  wlilch  solidified  on  cooling. 

Preparation  of  polyethoxyslloxanes.  A  mixture  of  37.1  g  of  octamethylcyclotetrasiloxane,  208.3  g  of  tetra¬ 
ethoxysilane  and  0.6  g  of  KOH  was  distilled  slowly.  75  g,  i.e.,  the  theoretical  amount,  of  dim ethyldi ethoxy - 
silane  distilled  over  at  114-119*.  The  residue  was  filtered,  0.5  g  of  m  eta  phosphoric  acid  added  to  the  filtrate 
(160  g)  and  tlie  mixture  vacuum  distilled.  This  yielded  42  g  of  the  starting  tetraethoxysilane  with  b.p.  57-58* 

(10  mm),  n*®D  1.3840.  The  residue  (113  g)  was  a  mixmre  of  polyethoxyslloxanes,  which  distilled  completely 
over  the  range  110-280*  (7  mm).  Fractional  distillation  of  it  on  a  column  gave  23  g  of  hexaethoxydisiloxane 
(b.p.  100-102*  at  4  mm,  n^®D  1.3912),  15  g  of  octaethoxytrisiloxane  (b.p.  156-158*  at  9  mm,  n*®D  1.3952)  and 
also  7  g  of  a  substance  (b.p.  171*  at  5  mm,  n*®D  1.3978)  and  4  g  of  anotlier  substance  (b.p.  204*  at  3  mm,  n*®D 
1.3997),  which  were  not  examined  more  closely.  The  infrared  absorption  spectra  of  the  di-  and  trisiloxanes  were 
found  to  be  similar  to  the  spectra  of  the  analogous  ethoxysiloxanes,  obtained  in  the  hydrolysis  of  tetraethoxysilane. 

SUMMARY 

The  possibility  of  inter-  and  intramolecular  rearrangement  of  Si— O-Si  and  Si— O— C  bonds  was  demon¬ 
strated  and  a  mechanism  proposed  for  it.  A  new  method  was  developed  for  the  synthesis  of  alkoxysilanes  and 
siloxanes  by  the  cleavage  of  siloxanes  by  alkoxysilanes.  20  compounds  of  this  type  were  prepared.  A  study  was 
made  of  the  disproportionation  of  linear  and  cyclic  polyalkoxysiloxanes. 
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SYNTHESIS  OF  THE  THIOAMIDE  OF  2 -ETHYLISONICOTINIC  ACID 

N.F.  Kucherova,  R.M.  Khomutov,  E.I.  Budovskii, 

V.P.  Evdakov  and  N.K.  Kochetkov 

Scientific  Research  Institute  of  Pharmacology  and  Chemotherapy 


The  especial  value  of  chemotherapeutic  agents,  used  for  the  treatment  of  tuberculosis,  continuously  stimu¬ 
lates  a  search  for  new  classes  of  organic  compounds  which  are  suitable  for  this  purpose.  A  communication  [1] 
recently  appeared  on  the  high  chemotherapeutic  activity  of  thioamides  of  certain  heterocyclic  acids  and  espec¬ 
ially  the  thioamide  of  2-ethylisonicotinic  acid,  which,  according  to  available  data,  is  also  effective  against 
strains  of  Micobaot.  tubercuL,  which  are  resistant  to  other  antitubercular  agents.  The  method  described  in  the 
literature  for  the  synthesis  of  the  thioamide  of  2-ethylisonicotinic  acid  [2]  is  complicated  and  involves  many 
stages  so  that  it  is  inconvenient  for  obtaining  the  preparation  on  a  large  scale.  In  the  present  communication, 
we  describe  a  more  convenient  method  of  synthesizing  tiiis  compound.  The  synthesis  was  carried  out  by  the  fol¬ 
lowing  scheme: 


NO2  NHa  Br 


H  1 

II  1 

II  1 

-t* 

1 

—V  1  — 

J-QiH, 

i 

i 

\nJ" 

(I) 

(II) 

(III) 

(IV) 

(V) 

I  C^NHz 

/V  /V 

(VI)  (VII) 


The  starting  material  used  for  the  synthesis  was  2-ethylpyridine  (I),  which  was  obtained  by  a  known  method 
[3]  by  hydrogenation  of  readily  available  2-vinylpyridine.  The  2 -ediylpyridine  was  oxidized  with  peracetic  acid 
in  acetic  acid  solution  to  the  N -oxide  (II),  which,  widiout  isolation  in  the  pure  state,  was  then  nitrated  with  a 
nitrating  mixture  to  give  a  yield  of  about  45*7o  (on  the  original  2-ethylpyridine)  of  2-ethyl-4-nitropyridlne-N- 
oxide  (ni).  If  necessary,  the  N-oxide  (II)  could  be  isolated  in  the  pure  form;  however,  this  was  of  no  advantage 
in  the  further  course  of  the  synthesis.  In  the  reduction  of  2-ethyl-4-nitropyridlne-N-oxide,  the  nitro  groUp  and 
die  N-oxide  group  were  reduced  simultaneously  to  form  2 -ethyl-4 -aminopyridlne  (IV)  directly.  The  reduction 
could  be  accomplished  by  different  methods;  however,  the  best  results  were  obtained  by  reduction  with  iron  in  a 
mixture  of  hydrochloric  and  acetic  adds,  when  the  yield  of  (IV)  reached  90^.  We  first  attempted  to  prepare  2- 
eihyl-4-bromopyridine  (V)  from  the  amine  (IV)  by  dlazotization  of  (IV)  in  hydrobromic  acid;  however,  this  was 
unsuccessful.  The  bromide  was  obtained  by  treatment  of  2 -ethyl-4 -aminopyridlne  perbromide  with  sodium  ni¬ 
trite  in  concentrated  hydrobromic  acid.  This  method  was  previously  used  for  the  preparation  of  2-bromopyridines 
from  2-aminopyridines  [4]  and  we  were  the  first  to  use  it  for  the  preparation  of  4-bromopyridine  derivatives.  The 
fear  that  the  side  chain  of  2 -ethyl -4-amlnopyri dine  would  be  brominated  during  the  preparation  of  die  perbromide 
was  found  to  be  groundless.  The  reaction  proceeded  smoothly  and  the  bromide  (V)  was  obtained  in  very  high  yield; 
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we  did  not  detect  any  side  reactions,  Including  bromlnatlon  of  the  side  chain.  For  preparation  of  die  nitrile  we 
used  a  reaction,  which  was  previously  used  for  the  preparation  of  2-  and  3 -cyanopyrldlnes  [5,  6]  and  which  con¬ 
sists  of  heating  the  bromide  with  cuprous  cyanide.  The  reaction  proceeded  smoothly  at  160-170*  and  formed  a 
solid  complex  of  the  nitrile  of  2 -ethylisonlcotinic  acid  and  cuprous  bromide,  which  was  decomposed  with  am¬ 
monia  to  give  the  nitrile  (VI)  In  more  titan  lQP]o  yield. 

When  the  bromide  (V)  was  replaced  in  this  reaction  by  the  corresponding  chloride  by  treating  2 -ethyl -4- 
amlnopyridine  (IV)  with  sodium  nitrite  in  concentrated  hydrochloric  acid,  2-ethyl-4-chloropyrldlne  was  ob¬ 
tained,  but  all  attempts  to  condense  this  with  cuprous  cyanide  to  prepare  the  nitrile  (VI)  were  unsuccessfuL  hi 
all  cases,  either  the  original  chloride  was  recovered  or  It  was  completely  turned  to  tar. 

The  last  stage  of  the  synthesis  consisted  of  converting  the  nitrile  (VI)  into  the  thloamlde  of  2 -ethylisonlco¬ 
tinic  acid  (VII),  which  was  obtained  in  high  yield  by  saturating  a  solution  of  (VI)  in  pyridine  with  hydrogen  sul¬ 
fide  in  the  presence  of  trlethylamlne.  The  thloamlde  obtained  was  a  lemon-yellow  crystalline  substance,  which 
was  slightly  soluble  in  water.  To  convert  it  Into  a  water-soluble  form,  as  required  for  testing,  an  ether  solution 
of  (VII)  was  saturated  with  hydrogen  chloride  to  obtain  the  hydrochloride.  The  synthesis  of  the  thloamlde  of  2- 
ethyllsonlcotinlc  acid  described  is  readily  reproducible  at  all  stages  and  is  quite  convenient  from  the  preparative 
point  of  view. 


EXPERIMENTAL 

2-Ethyl-4-nltropyridine-N-oxide  (III).  558  ml  of  a  solution  of  peracetic  acid  in  acetic  acid,  containing 
54.7  g  of  peracetic  acid  (the  solution  of  peracetic  acid  was  stabilized  widi  5.5  g  of  concentrated  sulfuric  acid) 
was  added  with  stirring  to  85  g  of  2-ethylpyridine  at  such  a  rate  that  the  temperature  of  the  reaction  mixture 
reached  70-80*.  The  reaction  mixture  was  left  overnight  and  then  the  solvent  removed  in  vacuum,  at  first  at  40* 
(25-30  mm)  and  then  on  a  boiling  water  batii  at  2-3  mm.  The  sirupy  residue  of  the  N-oxlde  was  dissolved  in 
112  ml  of  concentrated  sulfuric  acid  and  the  solution  obtained  was  added  to  a  mixture  of  concentrated  nitric  acid 
(136  ml,  d  1.51)  and  concentrated  sulfuric  acid  (75  ml).  The  mixture  was  heated  to  100“  for  1.5-2  hours,  left 
overnight,  poured  onto  ice  and  neutralized  to  a  weakly  acid  reaction  with  aqueous  ammonia.  The  precipitate 
was  filtered  off  and  the  aqueous  solution  extracted  4-5  times  with  ether.  The  ether  extracts  were  dried  with  so¬ 
dium  sulfate.  The  ether  was  evaporated.  The  residues  obtained  were  combined  and  recrystallized  from  water  to 
yield  64.5  g  (49^/0)  of  2-ethyl-4-nitropyridine-N-oxlde  as  colorless  crystals  with  m.p.  94-96*.  The  material  was 
soluble  In  hot  water,  hot  petroleum  ether  and  readily  soluble  in  alcohols. 

Founder  C  49.93,  50.15j  H  4.95,  4.89;  N  16.86,  16.93.  C7H80,N2.  Calculated ‘yo:  C  49.99;  H  4.79; 

N  16.66. 

2-Ethyl-4-aminopyridine.  A  mixture  of  64  g  of  2-ethyl-4-nitropyridine-N-oxide,  151  g  of  iron  filings, 

190  ml  of  concentrated  hydrochloric  acid  and  180  ml  of  acetic  acid  was  boiled  with  stirring  for  eight  hours  and 
left  overnigjit.  The  precipitated  iron  salt  was  filtered  off,  the  precipitate  washed  with  acetic  acid  and  the  fil¬ 
trate  evaporated  in  vacuum.  With  cooling,  40*70  sodium  hydroxide  solution  was  added  to  the  residue  until  the  re¬ 
action  was  strongly  alkaline,  the  mixture  filtered  and  the  filtrate  extracted  6-8  times  with  ether.  The  ether  ex¬ 
tracts  were  dried  with  sodium  sulfate,  the  ether  removed  and  the  residue  vacuum  distilled.  We  obtained  41.4  g 
(89*70)  of  2-ethyl-4-aminopyridine  as  a  colorless  oil  with  b.p.  128-130*  at  4-5  mm. 

Found  *7o:  N  22.80,  22.65.  C7H10N2.  Calculated  *7o:  N  22.93. 

Hydrochloride.  Dry  hydrogen  chloride  was  passed  into  a  solution  of  0.5  g  of  2-ethyl-4-aminopyridIne  in 
20  ml  of  absolute  ether.  The  ether  was  decanted  from  the  precipitated  oil  and  the  residue  crystallized  when 
fresh  ether  was  added.  Recrystallization  fiom  absolute  butanol  yielded  colorless  crystals  with  m.p.  54-56*. 

Found  *7o:  Cl  22.36,  22.22.  C7H11N2CI.  Calculated  *70:  Cl  22.35. 

2-Ethyl-4-bromopyridine.  15.4  g  of  2 -ethyl-4 -aminopyridine  was  dissolved  at  10-20*  in  40  ml  of  50*7o 
hydrobromic  acid  and  then  13  ml  of  bromine  was  added  to  the  reaction  mixture  dropwise  at  “5  to  0*  with  vigor¬ 
ous  stining.  After  this,  a  solution  of  21.7  g  of  sodium  nitrite  in  31  ml  of  water  was  added  in  the  same  way  and 
stirring  continued  for  a  further  half  an  hour,  when  a  solution  of  47  g  of  sodium  hydroxide  in  50  ml  of  water  was 
added  at  such  a  rate  that  the  temperature  did  not  rise  above  20-25*.  The  reaction  mixture  was  extracted  four 
times  with  ether.  The  extracts  were  dried  with  sodium  sulfate,  the  ether  removed  and  the  residue  vacuum  dis¬ 
tilled.  We  obtained  21  g  (90*70)  of  2-ethyl-4-bromopyridine  as  a  colorless  oil  with  b.p.  97-98*  at  30  mm. 
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Found  C  45.19,  45.30;  114.57,4.44;  Br  42.81,  42.73.  0,11, NBr.  Calculated ‘7o;  C  45.17;  H  4.33; 

Br  42.95. 

2-Ethyl-4-chloropyridIne.  14  g  of  2-ethyl-4-aminopyridine  was  dissolved  with  cooling  in  300  ml  of  con¬ 
centrated  hydrochloric  acid  and  then  saturated  with  gaseous  hydrogen  chloride  at  a  temperature  of  —20  to  30*. 

After  diis,  43  g  of  finely  ground  sodium  nitrite  was  added  to  the  reaction  mixture  in  small  portions  and  the  mix¬ 
ture  was  left  overnight  at  room  temperature.  The  solution  was  then  evaporated  in  vacuum,  the  residue  dissolved 
in  water  and  40*^  aqueous  sodium  hydroxide  solution  added  until  a  strongly  alkaline  reaction  was  produced.  The 
mlxmre  was  extracted  with  etlier  four  times.  The  extracts  were  dried  with  sodium  sulfate.  The  ether  was  re¬ 
moved  and  the  residue  vacuum  distilled.  We  obtained  14  g  (86*^)  of  2 -ethyl-4 -chlcaropyridine  as  a  colorless  oil 
with  b.p.  76-78*  at  18-19  mm. 

Found  *70:  C  59.30,  59.35;  H  5.82,  5.80;  N  10.00,  10.05;  Cl  25.12.  CyHgNCL  Calculated C  59.42; 

H  5.69;  N  9.96;  Cl  25.06. 

Hydrochloride.  Dry  hydrogen  chloride  was  passed  into  a  solution  of  0.5  g  of  2-ethyl-4-chloropyridine  in 
20  ml  of  absolute  ether.  The  precipitate  of  hydrochloride  was  filtered  off  and  recrystallized  from  anhydrous 
methanol.  Tlie  colorless  crystals  had  m.p.  179-180". 

Found‘d.  Cl  39.46.  C7H9NCI2.  Calculated Cl  39.89. 

Nitrile  of  2-ethyllsonlcotlnlc  acid.  A  mixture  of  21  g  of  2-ethyl-4-bromopyridine  and  10  g  of  cuprous 
cyanide  was  heated  for  one  hour  at  160-170*.  The  solid  reaction  mixture  obtained  was  dissolved  in  lO^o  ammonia 
and  the  mixture  extracted  with  ether  four  times.  The  extracts  were  dried  with  sodium  sulfate,  the  ether  distilled 
off,  and  tlie  residue  vacuum  distilled.  We  obtained  11  g  (73*^)  of  the  nitrile  of  2-ethyllsonicotinic  acid  as  a 
colorless  oil  with  b.p.  106-110“  at  29  mm. 

Thioamide  of  2-ethylisonlcotinlc  acid.  A  solution  of  11  g  of  the  nitrile  of  2-ethylisonlcotinic  acid  in  a 
mixture  of  11  g  of  pyridine  and  8.7  g  of  trie^ylamine  was  saturated  with  hydrogen  sulfide  for  one  hour.  A  yel¬ 
low,  crystalline  precipitate  formed.  The  reaction  mixture  was  poured  into  water  and  the  precipitate  collected 
and  washed  with  water.  We  obtained  11  g  (81^o)  of  the  thioamide  of  2-ethylisonlcotinic  acid  with  m.p.  158-160*. 
After  recrystallization  from  alcohol,  the  lemon -yellow  needles  had  m.p.  163-164*.  The  substance  was  soluble 
in  alcohol  and  difficultly  soluble  in  water  and  ether. 

Found  ®/o;  C  57.91,  58.01;  H  6.08,  6.12;  N  16.97,  17.12.  CgHjoNjS.  Calculated  <yo:  C  57.79;  H  6.06; 

N  16.85. 

Hydrochlcsride.  An  ether  solution  of  hydrogen  chloride  was  added  to  a  solution  of  5  g  of  the  thioamide  of 
2-ethylisonicotinic  acid  in  anhydrous  alcohol.  The  crystalline  precipitate  was  filtered  off  to  give  the  hydrochlo¬ 
ride  as  orange -yellow  needles  with  m.p.  212-214*.  The  yield  was  quantitative.  The  substance  was  soluble  in 
water  and  alcohol. 

Found ‘7o;  C  17.56,  17.83.  CgHuN^SCl.  Calculated C  17.49. 

SUMMARY 

A  convenient  preparative  method  of  synthesizing  the  thioamide  of  2-ethylisonicotinic  acid,  starting  from 
readily  available  2-vinylpyridine,  is  described. 
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It  Is  known  that  In  the  bromlnatlon  of  S-phenylthloglycoUc  acid  [1],  Its  methyl  ester  [2]  and  also  Its  deriva¬ 
tives  with  the  para  position  free  [3]  in  inert  solvents,  the  bromine  enters  the  position  para  to  the  sulfur.  Under 
similar  conditions,  S-(l-bromo-2-naphthyl)-thioglycollc  acid  was  synthesized  from  S-(fl-naphthyl)-thloglycollc 
acid  [4].  When  treated  with  excess  bromine  In  acetic  acid,  S-(o-nItrophenyl)-thioglycolic  acid  was  converted 
Into  dibromomethyl-o-nitrophenylsulfoxide  [5].  The  formation  of  a~bromo-S-arylthloglycollc  acids  by  bromlna¬ 
tlon  of  S-arylthloglycoUc  acids  has  been  observed  by  no  one  if  we  do  not  consider  the  assumption  of  Pummerer 
[1]  that  traces  of  bromine  entered  the  a -position  in  the  decomposition  of  the  S-dibromlde  of  S-phenylthlogly colic 
acid.  This  author  obtained  a-chloro-S-phenylthloglycolic  acid  by  the  action  of  hydrogen  chloride  on  phenylsulf- 
oxyacetlc  acid.  The  use  of  hydrogen  bromide  led  to  the  formation  of  S-(p-bromophenyl)-thioglycolic  acid  [6]. 

We  studied  the  bromlnation  of  some  S -ary Ithiogly colic  acids  that  we  synthesized  previously  [7];  it  was 
shown  that, depending  on  the  reaction  conditions,  the  bromine  either  entered  the  nucleus  or  the  methylene  grcxip. 

By  the  action  of  bromine  on  S-arylthloglycolic  acids  (I)  In  carbon  tetrachloride  or  trichlorobenzene,  we 
synthesized  a  series  of  a-bromo-S-arylthioglycoUc  acids  (II).  It  was  noticed  that  radiation  accelerated  the 
formation  of  (II). 


R 


SCHBrCOOH 


(11) 


a)S  =  H  b)S='»-CHj  clR=/i-6r 
diR=(t-N02  e')R”''*N0{ 


Ih  the  case  of  (Ib),  however,  the  methyl  group  is  then  Involved.  The  presence  of  bromine  and,especially,a  nltro 
group  in  the  nucleus  sharply  decreases  the  reaction  rate. 

The  mechanism  put  forward  for  the  ot-halogenation  of  thloethers  [8],  which,  in  the  case  of  S -ary  Ithiogly - 
colic  acids,  may  be  represented  by  the  scheme 

Br  r  Br  "I"*'  _ HBr  4-  — 

ArSCIIaCOOH  ^  LArSCHaCOOH  J  Br-  — ArSBrCHCOOH  -►  ArSCHBrCOOH, 

does  not  explain  the  acceleration  of  the  reaction  by  radiation.  It  has  to  be  assumed  that  the  bromlnatlon  also 
proceeds  by  a  radical  mechanism. 

a-Bromo-S-arylthloglycoUc  acids  are  readily  cleaved,  even  by  the  action  of  atmospheric  moisture,  when 


♦Deceased. 


the  characteristic  smell  of  thiophenol  appears.  Under  the  action  of  water  and  aqueous  alkali,  the  bromine  is 
eliminated  quantitatively  and  we  used  this  for  analyzing  compounds  (II)  synthesized. 

When  (II)  is  boiled  with  water  or,  still  better,  strong  hydrochloric  acid,  bis -(ary Ithlo) -acetic  acids  (III)  are 
obtained.* 


ArSCIinrCOOH  — ArSH  CHOCOOH  (ArS)2CnCOOH 

(III) 

The  hydrolysis  of  a-halogenated  thioethers  proceeds  by  an  analogous  scheme  [8].  The  formation  of  the 
thiophenol  and  the  glycolic  acid  was  confirmed  by  the  appearance  of  the  smell  of  thiophenol  and  also  by  the 
fact  tltat  tlie  action  of  gaseous  hydrogen  chloride  on  the  thiophenol  and  the  potassium  salt  of  the  glycolic  acid 
yielded  bis -(phenylthio) -acetic  acid  [9]. 

Brominatlon  with  the  use  of  catalysts  yielded  a  series  of  S -arylthioglycolic  acids  substituted  with  bromine 
in  the  nucleus.  It  was  shown  that  in  the  brominatlon  of  S-(o-tolyl)-  and  S-(m-tolyl)-thioglycolic  acids,  the 
bromine  entered  the  position  para  to  the  sulfur;  in  tlie  brominatlon  of  S-(p-tolyl)-thioglycolic  acid,  it  entered 
the  position  ortho  to  the  sulfur  and  in  the  brominatlon  of  S-(p-m  ethoxy  phenyl)-  and  S -(p- ethoxy  phenyl) -thiogly- 
colic  acids,  it  entered  the  position  ortho  to  the  alkoxyl  group. 

S-(o-Bromophenyl)-  and  S-/o-carboxyphenyl)-thioglycolic  acids  were  very  much  more  difficult  to  bromin- 
ate  than  S-phenylthioglycolic  acid,  while  we  were  unable  to  brominate  S-(p-bromophenyl)-  and  S-(o-nltrophenyl)- 
thioglycolic  acids  in  the  nucleus. 

Tlie  structures  of  all  the  products  of  nuclear  brominations  were  proved  by  synthesis. 

EXPERIMENTAL 

<x-Bromo-S -arylthioglycolic  acids.  0.02  mole  of  S -arylthioglycolic  acid  in  30  ml  of  carbon  tetrachloride 
was  boiled  witli  0.026  mole  of  bromine  while  irradiated  with  an  ultraviolet  lamp  (75  w)  until  the  bromine  in  the 
vapor  disappeared  (this  required  one  to  three  hours),  and  the  solution  was  evaporated  to  half  the  original  volume 
and  diluted  witli  50  ml  of  n-hexane.  The  a -bromo-S -arylthioglycolic  acid  was  filtered  from  the  cooled  mixtiue. 

In  tlie  case  of  S-(o-nitro phenyl)-  and  S-(p-nitrophenyl)-thioglycolic  acids,  the  reaction  was  performed  in  25  ml 
of  trichlorobenzene  at  140-160*  for  half  an  hour,  the  mixture  cooled,  and  the  a-bromo  derivative  filtered  off  and 
washed  with  n-hexane. 

The  product  of  brominating  S-(p-tolyl)-thiogly colic  acid  witli  irradiation  had  a  high  bromine  content 
(32.9^  instead  of  the  calculated  30.60^o),  probably  due  to  partial  brominatlon  of  the  methyl  group;  therefore,  we 
prepared  a-bromo-S-(p-tolyl)-thloglycolic  acid  without  irradiation. 

The  results  of  brominatlon  and  the  characteristics  of  the  a -bromo-S -arylthioglycolic  acids  are  presented 
in  Table  1. 

To  elucidate  the  effect  of  radiation  on  the  brominatlon  rate,  2.45  g  of  S-(p-bromophenyl)-thioglycolic 
acid  in  15  ml  of  carbon  tetrachloride  was  boiled  for  one  hour  with  2.1  g  of  bromine,  while  the  mixture  was  irra¬ 
diated  with  an  ultraviolet  lamp  (75  w)at  a  distance  of  10  cm,  the  flask  used  was  made  of  ordinary  glass.  In  ad¬ 
dition,  an  experiment  without  irradiation  was  set  up.  Removal  of  the  solvent  in  vacuum  yielded  1.59  gofa- 
bromo-S-(p-bromophenyl)-thioglycolic  acid,  in  the  first  case,  and  1.11  g  in  the  second,  i.e. ,  in  the  latter  case 
the  brominatlon  rate  was  lower  by  a  factor  of  1.43. 

Brominatlon  of  S-phenylthioglycolic  acid  without  irradiation  yielded  a  substance  with  m.p.  105-112*,  con¬ 
taining  a  total  of  5*70  of  a-bromo -S-phenylthioglycolic  acid.  Crystallization  from  toluene  gave  S-(p-bromo- 
phenyl)-thiogly  colic  acid  with  m.p.  117*  [1].  With  irradiation,  a-bromo -S-phenylthioglycolic  acid  was  obtained 
(Table  1). 

Boiling  0.005  mole  of  the  a -bromo-S -arylthioglycolic  acids  synthesized  with  30  ml  of  hydrochloric  acid 
(d  1.15)  for  15  minutes  yielded  bis -(ary Ithio) -acetic  acids  in  yields  of  90-100*^0  (Table  2).  Boiling  the  original 

•  In  the  case  of  o-  and  p-nitro  substituted  a-bromo -S-phenylthioglycolic  acids,  it  was  possible  to  isolate  only  o- 
and  p-nitrothiophenols. 
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vritli  water  lowered  the  yield  to  40-6QPlo.  Only  nltro- 
thiophenols  were  isolated  from  the  nitro  derivatives 
after  this  treatment. 

S-(Bromoaryl)-thiogly colic  acids.  Nuclear  bro- 
mination  of  S-phenylthioglycolic  acid  and  its  methyl 
and  alkoxyl  derivatives  was  accomplished  by  the  fol¬ 
lowing  procedure. 

In  the  presence  of  0.05  g  of  iodine,  0.05  mole 
of  bromine  was  added  to  0.05  mole  of  S-arylthiogly- 
colic  acid  in  40  ml  of  chlorobenzene,  the  temperature 
raised  to  60*  and,  after  the  intense  evolution  of  hydro¬ 
gen  bromide  had  ceased,  the  mixture  cooled  to  room 
temperature.  In  the  case  of  the  methyl  derivatives, 
the  reaction  products  which  separated  were  collected 
by  filtration.  The  S-(alkoxyphenyl)-thloglycolic  acid 
bromo  derivatives  that  were  readily  soluble  in  chloro¬ 
benzene  we  collected  by  treating  the  reaction  mixture 
with  sodium  hydroxide  solution,  distilling  off  the  chlo¬ 
robenzene  and  acidifying  the  alkaline  solution. 

The  results  of  brominating  S-phenylthioglycolic 
acid  and  its  methyl  and  alkoxyl  derivatives  are  pre¬ 
sented  in  Table  3. 

The  structures  of  the  reaction  products  were 
proved  by  synthesis  of  S-(bromoaryl)-thioglycolic 
acids  by  the  method  described  previously  [7].  From 
2-methyl-4-bromoanillne,  3 -methyl-4 -bromoaniline, 
2-bromo-4-methylaniline,  3-bromo-4-methoxyanillne, 
and  3-bromo-4-ethoxyaniline  we  synthesized  S-(2- 
methyl-4-bromophenyl)-thioglycolic  acid  in  45.7*7© 
yield,  m.p.  129-130*,  S-(3-methyl-4-bromophenyl)- 
thioglycolic  acid  in  38*7© yield,  m.p.  107-108*,  S-(2- 
bromo-4-methylphenyl)-thloglycolic  acid  in  41.6*7© 
yield,  m.p.  122-123",  S-(3-bromo-4-methoxyphenyl)- 
thloglycollc  acid  in  68.3*7©  yield,  m.p.  108-109*,  and 
S-(3-bromo-4-ethoxyphenyl)-thioglycolic  acid  in 
71.5*7©  yield,  m.p.  99-100*,  respectively. 

The  melting  points  of  mixtures  of  the  acids  ob¬ 
tained  by  bromination  and  by  synthesis  were  not  de¬ 
pressed. 

S-(2,4-Dibromophenyl)-thioglycolic  acid.  To 
12.4  g  of  S-(o-bromophenyl)-thioglycollc  acid  (ob¬ 
tained  from  S-(o-aminophenyl)-thioglycolic  acid  by 
Sandmeyer’s  method,  yield  57*7©,  m.p.  116-117“  (from 
toluene)  [11])  in  100  ml  of  dichloroethane  was  added 
0.5  g  of  ferric  chloride  and  8  g  of  bromine  and  the 
mixture  boiled  under  reflux  for  two  hours.  After  re¬ 
moval  of  the  dichloroethane,  the  residue  was  dissolved 
in  sodium  carbonate  solution,  filtered  and  acidified  to 
yield  12.9  g  of  S-(2,4-dibromophenyl)-thioglycolic 
acid  with  m.p.  139-140*  (from  toluene)  [7]. 

S-(2-Carboxy-4-bromophenyl)-thioglycolic  acid. 
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10.6  g  of  S-(o-carboxyphenyl)-thloglycolic  acid,  130  ml  of  trichlorobenzene,  0.5  g  of  ferric  chloride  and  8  g  of 
bromine  were  heated  together  to  160',  cooled  after  ten  minutes  and  filtered.  We  obtained  9.0  g  of  S-(2-carboxy- 
4-bromophenyl)-thioglycoUc  acid  with  m.p.  216-217*  (from  water).  By  extraction  of  the  mother  solution  with 
aqueous  sodium  hydroxide  solution,  it  was  possible  to  obtain  a  further  2.6  g  of  acid. 

Found  °]o:  Br  27.4,  27.3.  C9Hy04BrS.  Calculated  °}o:  Br  21.44. 

The  substance  was  the  same  as  S-(2-carboxy-4-bromophenyl)-thloglycollc  acid,  obtained  from  5-bromo- 
anthranilic  acid.  2.16  g  of  5-bromoanthranillc  acid  was  diazotized,  poured  at  20*  into  a  solution  of  0.74  g  of 
sodium  disulfide  and  0.6  g  of  sodium  hydroxide  in  4  ml  of  water,  heated  to  boiling,  and  boiled  for  one  hour.  To 
the  cooled  solution  was  added  a  solution  of  2  g  of  chloroacetic  acid,  neutralized  with  sodium  carbonate,  and  tlie 
mixture  filtered  after  two  hours  to  yield  S-(2-carboxy-4-bromophenyl)-thloglycolic  acid;  the  yield  was  56*^0  and 
the  m.p.  216-217*  (from  water). 

Under  these  conditions,  S-(p-bromophenyl)-  and  S-(o-nitrophenyl)-thioglycollc  acids  could  not  be  bro- 
minated  in  the  nucleus. 


SUMMARY 

By  bromlnatlon  of  S-arylthloglycolic  acids  with  irradiation,  previously  unknown  a-bromo-S-arylthlogly- 
colic  acids  were  synthesized  and  hydrolysis  of  these  yielded  bis -(ary Ithlo) -acetic  acids. 

A  series  of  S -arylthioglycolic  acids,  brominated  in  the  nucleus,  were  synthesized  by  bromlnatlon  of  S- 
arylthioglycolic  acids  in  the  presence  of  catalysts. 
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SPATIAL  STRUCTURE  AND  REACTIVITY 

Xm.  THE  INTERACTION  OF  ATOMIC  GROUPINGS  REMOTE  FROM  ONE  ANOTHER 
ACCORDING  TO  THE  DATA  OF  AN  INVESTIGATION  ON  THE  KINETICS  OF  THE  REACTION 
OF  BIPHENYL  AND  STILBENE  AMINO  DERIVATIVES  WITH  p-NITROBENZOYL  CHLORIDE 
AND  PICRYL  CHLORIDE 

L.M.  Litvinenko  and  N.F.  Levchenko 
Kharkhov  State  University 

Work  from  our  laboratory  published  previously  [1,2]  was  devoted  to  elucidating  the  nature  of  the  interac¬ 
tion  of  substlments  through  a  system  of  two  benzene  nuclei,  joined  by  a  bridge  unit.  For  this  purpose,  an  investi¬ 
gation  was  made  of  the  kinetics  of  acylation  of  amines  of  the  following  structure  (where  M  is  a  bridge  atom  of 
oxygen  or  sulfur): 


<f  ^-M  Vm  )>-NH2, 

(I)  (li) 

A  convenient  measure  for  a  quantitative  evaluation  of  the  conductivity  of  any  molecular  system  like  the 
systems  considered  here,  with  respect  to  the  electronic  interaction  of  two  substituents  placed  at  opposite  ends,  is 
the  ratio  of  the  rate  constants  for  reactions  of  the  mono-  and  dlsubstituted  derivatives,  i.e.,  Kj/Kq  (/  factor)  [1-3]. 
It  was  found  that  atoms  of  oxygen  and  sulfur  in  no  way  acted  as  insulators  between  the  benzene  nuclei  in  the 
molecular  systems  of  diphenyl  oxide  and  diphenyl  sulfide.  More  than  that.  It  was  unexpectedly  found  that,  in 
tiiese  systems,  the  electronic  effect  of  the  substituents  was  transmitted  from  one  benzene  ring  to  the  other  even 
better  than  in  the  biphenyl  system,  where  these  nuclei  are  connected  together  directly. 

It  is  well  known  that  replacement  of  the  —CH  =  CH  — group  by  — O  —  or  — S  —  atoms  in  a  series  of  aromatic 
compounds  does  not  lead  to  the  disappearance  of  their  aromatic  properties  [4,  5]. 

In  order  to  develop  the  hypotheses  put  forward  in  our  previous  work  [1,2],  it  seemed  advantageous  to  smdy 
the  reactivity  of  such  amines  as  (I)  and  (II)  with  a  vinylene  group  as  M,  i.e.,  appropriate  stllbene  derivatives. 

The  problem  of  how  strongly  the  benzene  nuclei  interact  through  a  vinylene  bridge  In  the  stilbene  molecular 
system  has  frequently  arisen  previously  in  investigations  on  the  color  of  stilbene  and  its  derivatives  [6-10].  Ac¬ 
cording  to  the  data  of  these  investigations,  there  is  considerable  conjugation  between  the  benzene  nuclei  in  the 
stilbene  molecular  system,  as  is  also  confirmed  by  measuring  the  intensity  of  the  lines  In  the  Raman  spectmm  of 
stilbene  [11]  and  the  exaltation  of  its  molecular  refraction  [12].  On  the  basis  of  certain  data  [8, 11, 12]  it  can  be 
postulated  tliat  the  conjugation  between  the  benzene  nuclei  in  stilbene  is  even  more  intense  than  in  the  biphenyl 
system.  We  found  nothing  in  the  literature  on  the  investigation  of  the  stilbene  molecular  system  from  this  point 
of  view  by  chemical  methods,  although  here  one  might  expect  interesting  results,  the  more  so  as,  according  to 
our  data  [1,2],  chemical  and  optical  methods  of  investigating  similar  systems  do  not  always  lead  to  unequivocal 
results. 

In  accordance  with  what  Is  presented  above,  we  studied  the  kinetics  of  the  reaction  of  trans-4-aminostil- 
bene,  trans-4-amino-4’-nitrostIlbene,  4-amlnoblphenyl,  4-amino-4*-nitroblphenyl  and  aniline  with  p-nitrobenzoyl 
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chloride  and  picryl  chloride  in  benzene  solution  under  exactly  the  same  conditions  as  were  observed  in  our  pre¬ 
vious  work.*  We  should  note  that  previously  we  studied  the  effect  of  changing  the  steric  structure  of  aromatic 
amines  on  their  reactivity  only  on  the  basis  of  an  investigation  of  the  reactions  of  these  amines  with  the  acid 
chlorides  of  carboxylic  acids  and  mainly  with  p-nitrobenzoyl  chloride.  In  the  present  work,  for  this  purpose  we 
also  introduced  the  reaction  of  amines  with  another  electrophilic  reagent,  picryl  chloride,  which  superficially 
has  much  in  common  with  the  acylation  of  amines  with  acid  chlorides  of  carboxylic  acids,  but  at  the  same  time 
has  its  own  particular  characteristics,  Inherent  in  the  nucleophilic  substitution  of  aromatically  bound  halogen  by 
an  amino  group  [15, 18].  Without  going  into  details  on  the  flne  differences  in  mechanism  of  the  two  reactions, 
nonetheless,  it  is  necessary  to  stress  the  fact  that,  as  is  known,  in  the  reactions  of  amines  with  acid  chlorides,  the 
primary,  elementary  act  of  the  chemical  process  is  a  nucleophilic  attack  of  the  carbon  atom  of  the  carbonyl  by 
the  nitrogen  atom  of  the  amino  group,  while  in  the  case  of  reactions  with  picryl  chloride,  this  attack  is  suffered 
by  a  carbon  atom  of  an  aromatic  nucleus. 

The  fact  that  similar  results  were  obtained  when  the  different  reactions  were  used  gave  us  more  confidence 
in  arriving  at  conclusions  on  the  effect  of  strucmral  and  steric  factors  on  the  reactivity  of  the  series  of  compounds 
investigated. 


EXPERIMENTAL 

I.  Preparation  and  Purification  of  Starting  Materials 

Benzene  and  p-nitrobenzoyl  chloride.  The  two  substances  were  purified  as  described  previously  [19]. 

Picryl  chloride.  The  technical  product,  obtained  from  the  Kharkhov  chemical-reagent  factory,  was  recrys- 
talllzed  first  twice  from  methyl  alcohol  (the  first  time  with  activated  charcoal)  and  then  in  the  sequence  given 
below;  from  chloroform  (twice),  from  carbon  tetrachloride  (2-3  times)  and  5-6  times  from  benzene.  The  crys¬ 
tals  were  dried  in  vacuum  at  65°.  The  melting  point  of  such  a  sample  was  83“,  which  agrees  with  literature 
data  [20], 

Aniline.  The  amine  hydrochloride  (analytical  grade)  was  recrystalUzed  several  times  from  dilute  hydro¬ 
chloric  acid  (2:1)  to  a  constant  melting  point  equal  to  198"  [21].  The  salt  was  then  decomposed  with  bOPjo  sodium 
hydroxide  solution,  and  the  amine  dried  with  solid  potassium  hydroxide  and  distilled  twice  at  atmospheric  pres¬ 
sure  (the  first  time  over  zinc  dust)  and,  finally,  four  times  in  vacuum. 

4-Aminobiphenyl.  The  amine  was  obtained  by  the  procedure  described  previously  [13]  and  its  hydrochloride 
purified  by  further  recrystallization  from  a  mixture  consisting  of  one  volume  of  concentrated  hydrochloric  acid, 
two  volumes  of  water  and  three  volumes  of  Isopropyl  alcohol.  After  decomposition  of  the  salt  with  ammonia,  the 
free  base  was  recrystallized  several  times  from  aqueous  methyl  alcohol  (1:1)  and  dried  for  12  hours  in  vacuum  at 
35-40*.  The  m.p.  was  52". 

4-Amino -4* -nitrobiphenyl.  The  substance  was  prepared  by  a  previously  described  method  [13, 19],  purified 
by  recrystallization  of  its  hydrochloride  from  dilute  hydrochloric  acid  (1:1),  the  salt  decomposed  with  aqueous 
ammonia,  and  the  amine  recrystalUzed  several  times  from  methyl  alcohol  and  1-2  times  from  toluene.  After 
drying  in  vacuum  at  100",  the  substance  had  m.p.  205-206*. 

Tra ns -4 -a minostilbene.  The  trans-4-nitrostllbene  required  for  this  synthesis  was  synthesized  by  the  pro¬ 
cedure  described  in  [22]  and  [23]  and,  as  recommended  previously  [23],  in  addition  to  that  it  was  further  purified 
from  colored  impurities  by  passing  a  solution  of  it  in  a  mixture  of  benzine  and  benzene  (2:1)  through  a  chromato¬ 
graphic  column  with  aluminum  oxide. 

3  ml  of  98^0  hydrazine  hydrate  was  added  to  3  g  of  nitrostilbene,  obtained  by  the  above  method,  dissolved 
in  150  ml  of  hot  ethyl  alcohol,  and  then  Raney  nickel  was  added  gradually  under  the  conditions  which  were  de¬ 
scribed  in  detail  previously  [24, 25].  After  the  reaction  (the  evolution  of  N2  ceased  after  approximately  three 
hours),  the  solution  was  filtered  in  the  hot  state  and  the  alcohol  evaporated  to  a  small  residue,  to  which  water 
was  added  for  more  complete  separation  of  the  reaction  product.  The  dried  amine  was  dissolved  in  dry  benzene 
(treated  with  activated  charcoal)  and  its  hydrochloride  precipitated  by  the  passage  of  dry  hydrogen  chloride  Into 


•Data  on  the  acylation  of  biphenyl  and  anlUne  amine  derivatives  with  p-nltrobenzoyl  chloride  were  taken  from 
our  previous  work  [13, 14]. 
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the  solution.  The  yield  of  the  amine  hydrochloride  was  2.7  g  (87.4*!fo).  The  salt  was  recry stalUzed  three  times 
from  a  mixture  consisting  of  one  volume  of  concentrated  hydrochloric  acid,  two  volumes  of  glacial  acetic  acid 
and  one  volume  of  water  and  after  this  Its  melting  point  (with  decomposition)  equaled  260-262*  ([26]:  m.p. 
245-250*).  The  salt  was  decomposed  with  aqueous  ammonia  and  the  free  base  recrystallized  twice  from  methyl 
alcohol  and  once  from  benzene.  After  drying  In  vacuurn  at  100*,  a  sample  of  4-aminostilbene  prepared  in  this 
way  had  m.p.  151-152*,  which  corresponds  to  [26];  the  acetyl  derivative  obtained  from  it  was  exactly  like  trans- 
4-acetylaminostllbene,  described  in  [26]. 

Trans -4 -amino -4*-nitrostilbene.  This  amino  derivative  was  obtained  by  partial  reduction  of  4,4*-dinitro- 
stllbene  [23,27].  In  this  case  it  was  quite  appropriate  to  use  the  dlnitro  compound,  which  we  used  in  another  syn¬ 
thesis  [23]  and  which  consisted  of  a  mixture  of  cis-  and  trans -isomers  with  a  predominance  of  the  latter,  since  it 
Is  known  [28]  that  the  two  geometrical  Isomers  of  4,4’ -dinitrostilbene  give  the  same  product,  trans-4-amlno-4’- 
nltrostilbene,  on  partial  reduction. 

9  g  of  trans -4,4’ -dinitrostilbene  was  dissolved  in  180  ml  of  boiling  pyridine  In  a  flask,  fitted  with  a  reflux 
condenser.  Over  a  period  of  five  minutes,  with  the  contents  of  the  flask  shaken,  54  ml  of  a  molar  solution  of  so¬ 
dium  sulfide  In  aqueous  pyridine*  was  added.  The  mixture  was  boiled  carefully  for  15  minutes  and  then  250  ml 
of  cold  water  added  to  it.  When  cool,  the  precipitated  brick-red  crystals  of  the  amine  were  filtered  off  and 
washed  with  water  and  then  with  methyl  alcohol.  The  yield  was  6.9  g  (86.2^o).  For  purification,  the  amine  was 
recrystallized  first  from  pyridine  and  then  three  times  from  chlorobenzene.  Here,  ft  was  advantageous  to  take 
one  and  a  half  times  as  much  solvent  as  was  required  to  prepare  a  saturated  boiling  solution,  since  the  product 
was  very  difficultly  soluble  in  cold  chlorobenzene.  As  a  result  of  two  further  recrystallizations  from  benzene  and 
drying  in  vacuum  at  100",  the  intensively  colored  crystals  of  trans-4-amino-4’-nitrostilbene  melted  at  248-249* 
(literature  data:  m.p.  229-230*  [29],  245*  [28,30]  and  250*  [31]). 

The  method  of  synthesizing  4-amino-4’-nItrostilbene  described  above  was  more  advantageous  than  the 
similar  method  of  synthesizing  It  by  the  partial  reduction  of  4,4’ -dinitrostilbene  with  sodium  hydrosulfide  in  al¬ 
cohol  solution,  since  tire  latter  method  yielded  an  impure  product  due  to  ethylation  of  part  of  the  amino  deriva¬ 
tive  formed  by  alcohol  [28]. 

II.  Procedure  for  Measuring  Reaction  Rates  and  Results 

There  is  much  In  common  between  tlie  reactions  of  aromatic  amines  with  acid  chlorides  of  carboxylic 
acids,  on  the  one  hand,  and  with  aromatic  halonitro  derivatives  [15-18],  on  the  other,  at  least,  superficially. 

Both  these  reactions  are  accelerated  by  tlie  introduction  of  electron -donating  substituents  into  the  aromatic  nu¬ 
cleus  of  the  amino  derivative  and  by  substitution  of  the  hydrogen  atoms  of  the  aromatic  nucleus  of  the  acid 
chloride  or  halonitro  derivative  by  electron-accepting  substituents.  Therefore,  the  halogen  atom  in  picryl  chlo¬ 
ride,  whose  molecule  contains  tluree  nltro  groups,  is  also  as  labile  as  that  in  the  acid  chlorides  of  carboxylic  acids. 

The  two  reactions  proceed  by  two  successive  stages  (A  is  any  acyl  or  any  aryl  residue). 

A)  ACl  +  RNHj  -►  ANHR  +  HCl 

B)  RNHj  +  HCl  —  RNHj-  HCl 

or  summarizing: 

C)  ACl  +  2RNH2  -♦  ANHR  +  RNHj  •  HCl. 

In  both  cases,  the  amine  hydrochlorides  are  unreactive  with  respect  to  ACl,  whereby  the  considerably  slower 
first  stage  (A)  determines  the  second  order  of  the  whole  over -a  11  process  (C). 

What  has  been  stated  above  made  it  possible  to  measure  the  rate  of  each  of  the  reactions  investigated  by 
the  same  experimental  procedure,  whose  basic  characteristics  were  described  in  previous  communications  [14,32]. 
In  essence,  the  method  mentioned  consisted  of  stopping  the  reaction  a  definite  moment  of  time  by  pouring  a 

•This  was  prepared  in  the  following  way:  240  g  of  Na2S‘  9H2O  and  32  g  of  sulfur  was  gently  heated  with  600  ml 
of  water  and  100  ml  of  pyridine  until  it  dissolved  completely;  the  cooled  solution  was  diluted  to  1  liter. 


benzene  solution  of  dlethylamlne  Into  the  mixture  of  reacting  substances  so  as  to  bind  the  rest  of  the  electro¬ 
philic  reagent  and  after  this  the  unreacted  aromatic  amine  was  determined  by  potentiometric  titration  with  so¬ 
dium  nitrite  [33].  In  the  present  work  we  refined  the  method  somewhat  (together  with  D.M.  Aleksandrova).  For¬ 
merly,  the  amine  was  titrated  after  evaporation  of  the  organic  solvent,  but  we  found  that  it  was  better  to  proceed 
in  the  following  way. 

After  addition  of  diethylamine  to  the  solution  of  reacting  substances  and  acidification  of  the  mixture,  as 
indicated  [14,  32],  with  hydrochloric  acid,  the  contents  of  the  reaction  flask  were  carefully  washed  into  the  po¬ 
tentiometric- titration  flask  several  times  with  small  portions  of  glacial  acetic  acid  (a  total  of  ~  15-20  ml),  and 
then  in  exactly  the  same  way  with  water.  To  the  mixture  was  added  crystalline  potassium  bromide  and  a  few 
more  drops  of  hydrochloric  acid.  The  liquid  in  the  flask  formed  two  layers,  a  benzene  and  an  aqueous  one. 
Therefore  it  was  necessary  to  ensure  that  the  control  electrode  and  the  end  of  the  bridge  going  to  the  auxiliary 
electrode  were  Immersed  in  the  aqueous  layer.  The  titration  was  performed  with  vigorous  stirring  by  a  mech¬ 
anical  stirrer,  which  was  switched  off  at  the  moment  of  measurement  to  allow  the  liquid  to  form  layers  as  other¬ 
wise  the  results  of  the  determination  obtained  were  less  reproducible. 

Usually,  all  the  organic  substances  in  the  mixture  analyzed,  with  the  exception  of  the  aromatic  amine  hy¬ 
drochloride,  were  in  the  layer  of  organic  solvent  or  dissolved  in  the  aqueous  layer  and  did  not  hinder  titration. 
The  salt  of  the  amine  determined,  which  was  insoluble  in  benzene  (for  example,  salts  of  many  amines  of  high 
molecular  weight)  may  be  difficultly  soluble  in  an  aqueous  medium  also.  However,  experiment  showed  that  this 
did  not  Interfere  with  the  dlazometric  determination  of  these  amines  under  these  conditions,  as  their  salts  were 
readily  titrated  in  a  suspended  state;  during  the  analysis,  the  titrated  liquid  gradually  cleared  and  finally  became 
quite  transparent. 

In  order  to  be  satisfied  that  the  reactions  we  studied  proceeded  without  any  side  processes  and  with  100*70 
yield  by  Eq.  (C),  before  each  series  of  rate  measurements  we  carried  out  control  experiments  as  recommended 
in  previous  communications  [14,32],  and, in  a  number  of  cases,  we  also  isolated  the  expected  and  products,  which 
were  identical  with  samples  described  in  the  litejature. 

TABLE  1 

Kinetics  of  the  Reaction  of  4-Aminostilbene  with  p-Nitrobenzoyl  Chloride  (a  = 

=  0.00125  M,  b  =  0.0025  M) 


25"  r.o" 


tj  (min) 

^i 

(l/niol-  sec) 

tj  (min) 

yield 

r/o) 

/ 

(Z/mol  •  sec) 

4 

14.4 

0.283 

3 

3 

24.8 

0.761 

3 

8 

24.8 

0.277 

2 

5 

35.3 

0.752 

13 

0.281 

3 

8 

46.5 

0.7.50 

2 

2:') 

50.8 

0.277 

3 

12 

.56.4 

0.746 

2 

5^1 

60.(1 

0.284 

O 

23 

71.8 

0.766 

2 

^  25°  ~ 

0.280  -t  0.012 

A.v,o  = 

0.755  ±  0.012 

/■;  —  7(i(M(  cal/  mole  ;  PZ  —  I  .().'$  •  1(V>  I  /  mole  •  sec  ;  ~  —.'$7.7  cal/  mol  •  deg 


The  rate  constants  were  calculated  by  the  following  formula  [14, 19,  32]  (cf.  [16, 17]): 

1  (_A _ L\ 

2^.i  \  a  — X  n  )• 

where  a  is  the  initial  concentration  of  p-nitrobenzoyl  chloride  or  picryl  chloride  (in  moles),  x  is  the  decrease  in 
concentration  of  the  given  components  (in  moles)  up  to  moment  of  time  jt  (in  seconds),  and  6  is  the  correction 
for  the  thermal  expansion  of  benzene  from  20"  to  the  experimental  temperature  [19].  This  formula  was  obtained 
after  some  transposition  of  the  usual  relation  for  a  reaction  of  the  second  order,  if  one  considers  that, in  all  our 
experiments,  in  accordance  with  Eq.  (C),  the  initial  concentration  of  amine  (b)  was  always  exactly  twice  the 
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TABLE  2 

Kinetics  of  the  Reaction  of  4-Amlno-4’-nltrostllbene  with  p-Nltrobenzoyl  Chloride 
(a  =  0.00125  M.  b  =  0.0025  M) 


25“ 

50'' 

tj  (min) 

yield 

00) 

(Z/mol-  sec) 

tj  (min) 

w 

/  ^ 

(Z/mol  -  sec) 

24 

15.7 

0.0520 

2 

10 

14.7 

0.119 

2 

45 

26.9 

0.0549 

2 

1-9 

24.8 

0.120 

2 

73 

37.1 

0.0542 

2 

30 

36.3 

0.131 

2 

163 

58.5 

0.0581 

2 

56 

51.7 

0.132 

2 

311 

74.S 

0.0639 

3 

130 

70.8 

0.129 

2 

A',5o  --=  0.0573  ±  0.0032 

A  50''  = 

0.126  ±  0.005 

E  =  6000  cal/ mole;  PZ  =  1.5  •  10-*  i/  mol  •  sec  5  --  — 46.0  cal/  mol  •  deg 


TABLE  3 

Kinetics  of  the  Reaction  of  4-Aminostilbene  with  Picryl  Chloride  (a  =  0.0025  M^b  = 
=  0.0050  M) 


25°  1 

50° 

tj  (min) 

yield 

00) 

.  '‘i 

(Z/mol  -  sec) 

1 

tj  (min) 

yield 

00) 

(Z/mol  -  sec) 

10 

14.8 

0.0584 

'  1 

5 

23.3 

0.210 

3 

20 

27.5 

0.0()35 

10 

as.4 

0.215 

2 

30 

35.6 

0.0619 

2 

14 

47.8 

0.226 

2 

57 

51.9 

0.0636 

2 

20 

56.5 

0.224 

2 

90 

62.5 

0.0620 

2 

39 

73.0 

0.239 

2 

250  =0.0619  ±  0.0020 

^  .'i0°  = 

0.222  ±  0.007 

E  =  OSOOcal/  mole  ;  PZ  =  9.1  •  10^  f  / mol  •  sec; ;  =  —33.3  cal/ mol  •  deg 


TABLE  4 

Kinetics  of  the  Reaction  of  4-Amino-4'-nitrostilbene  with  Picryl  Chloride  (a  = 
=  0.0025  M,  b  =  0.0050  M) 


25° 

50° 

(min) 

yield 

00) 

/ 

(Z/mol  -  sec) 

ti  (min) 

yield 

00) 

L  / 

(Z/mol  -  sec) 

30 

10.6 

0.0132 

3 

14 

15.3 

0.0445 

3 

60 

17.9 

0.0122 

2 

27 

24.9 

0.0424 

3 

145 

33.4 

0.0116 

2 

44 

35.6 

0.0433 

2 

270 

48.1 

0.0115 

2 

82 

49.7 

0.0416 

2 

630 

68.7 

0.0117 

3 

190 

69.7 

0.0418 

3 

A'25o  =  0.0121  ±  0.0005 

A5(,o  =  0.0428  ±  0.(X)09 

^  =  9700  cal/mole,  PZ  =  1.5-106  Z/mole  •  sec  ;  =  — 36.9  cal/mol- deg 
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Kinetics  of  the  Reaction  of  4-Aminobiphenyl  with  Picryl  Chloride  (a  =  0.0025  M, 
b  =  0.0050  M) 


250 

50“ 

tj  (min) 

yield 

/ 

(Z/mol  •  sec) 

ti  (min) 

yield 

C7o) 

(Z/mol  -  sec) 

7 

13.8 

0.0767 

2 

5 

25.1 

0.231 

2 

14 

24.3 

0.0768 

3 

8 

34.9 

0.231 

2 

23 

34.0 

0.0751 

2 

12 

45.5 

0.240 

2 

42 

47.1 

0.0711 

2 

18 

55.4 

0.238 

3 

99 

67.7 

0.0710 

2 

35 

70.3 

0.234 

2 

A' 555^  =  0.0744  ±  0.0021 

A6(,o  =  0.235  ±  0.003 

£■  =  8800  cal/mole;  £Z  =  2.1  •  10'*  Z/mol-sec  ;  A5''tt-  =  — 36.2  cal/mol-deg 


TABLE  6 

Kinetics  of  the  Reaction  of  4-Amino-4’-nitiobiphenyl  with  Picryl  Chloride 
(a  =  0.0025  M.  b  =  0.0050  M) 


25“ 

50“ 

ti  (min) 

yield 

m 

(Z/mol  -  sec) 

n< 

ti  (min) 

yield 

m 

(Z/mol-sec) 

100 

15.2 

0.00598 

2 

15 

8.9 

0.0225 

2 

177 

23.4 

0.00580 

2 

51 

23.4 

0.0207 

2 

322 

34.1 

0.00540 

3 

82 

32.3 

0.0201 

2 

600 

48.5 

0.00527 

3 

152 

47.3 

0.0204 

2 

900 

58.4 

0.00522 

3 

464 

71.5 

0.0187 

2 

A  5250  =  0.00548  ±  0.00018 

A500  =  0.0205  ±  0.0009 

E  =  iOOOO  cal/mole;  £Z  =  1 .38  •  10*  Z /mol •  sec;  =  —  37. i  caL/mol •  deg 


TABLE  7 

The  Kinetics  of  the  Reaction  of  Aniline  with  Picryl  Chloride  (a  =  0.0025  M, 
b  =  0.0050  M) 


25“ 

50“ 

ti  (min) 

yield 

do) 

h 

(Z/mol-  sec) 

ti  (min) 

yield 

do) 

(Z/mol  -  sec) 

5 

15.0 

0.118 

2 

3 

25.4 

0.392 

2 

10 

26.4 

0.120 

3 

5 

35.9 

0.387 

3 

15 

35.7 

0.124 

2 

8 

47.9 

0.397 

2 

25 

46.6 

0.117 

2 

13 

60.2 

0.401 

2 

38 

57.6 

0.120 

2 

20 

69.6 

0.396 

2 

60 

68.2 

0.120 

2 

A.  250  — ^ 

0.120  :h  0.002 

^50“  ~ 

0.394  ±  0.005 

£  =  5)100  cal/mole;  /’Z  =  5.6-10'‘  Z/mol-sec; 


=  — 34.3  cal/mol-deg 


Collected  Data  on  the  Kinetics  of  the  Reactions  of  Amines  with  p-Nitrobenzoyl  Chloride  and  Picryl  Chloride* 
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concentration  of  the  electrophilic  reagent  (a)  re¬ 
acting  with  it.  The  accuracy  of  the  values  cal¬ 
culated  for  the  rate  constants  was  evaluated  by 
mathematical  statistics  [34]  (0.95  reliability). 

The  activation  energy  (E),  the  frequency 
factor  (PZ)  and  the  activation  entropy  (AS^  )  were 
calculated  exactly  as  described  previously  [14, 32]. 

The  numerical  data  obtained  for  the  reac¬ 
tions  investigated  in  this  work  are  given  in  Tables 
1-7,  where  the  following  symbols  are  used: 
and  K  are  the  respective  average  values  for  the 
rate  constants,  first  for  the  given  interval  of  time 
tj  over  nj  measurements  and  second,  for  all  Zni 
measurements.  The  average  values  of  the  reac¬ 
tion  yields  for  nj  measurements  are  given  in  the 
second  column  of  these  tables. 

Table  8  summarizes  the  main  data  on  the 
kinetics  of  the  reactions  investigated  in  this  work 
as  well  as  certain  values  for  reactions  we  had 
studied  previously. 

DISCUSSION  OF  RESULTS 

The  wide  investigations  of  V.A.  IzmaiTskii 
et  al.  [9, 10]  on  the  color  of  a  wide  range  of  com¬ 
pounds  of  types  (I)  and  (II)  (and  others  similar  to 
them)  in  the  solid  state  and  in  various  solvents 
showed  that  the  intramolecular  interaction  of 
atoms  and  atomic  groups  in  tliese  compounds  ap¬ 
pears  most  clearly  in  an  inert  solvent  medium. 

If  such  substances  are  in  a  crystalline  state  or  dis¬ 
solved  in  polar  solvents,  then  this  effect  is  masked 
by  factors  caused  by  molecular  association  (exo- 
molecular  interaction  [9, 10]),  whose  role  may 
predominate  in  certain  cases.  Taking  this  into 
consideration,  one  may  assume  that,  in  our  ex¬ 
periments  in  dilute  benzene  solutions,  the  inter - 
molecular  interactions  between  similar  molecules 
of  the  reaction  substances  may  be  neglected;  con¬ 
sequently,  all  the  effects  observed,  which  are 
connected  with  changes  in  reactivity  of  the  amino 
derivatives  studied  in  this  work,  should  be  con¬ 
sidered  as  due  to  only  intramolecular  (endomolec- 
ular  [9, 10])  factors. 

The  results  given  in  Table  8  show  that  the 
electronic  effect  of  the  phenyl  group,  introduced 
into  the  para  position  of  the  aniline  molecule, 
shows  quantitative  differences  in  reactions  with 
the  two  electrophilic  reagents.  While,  in  going 
from  aniline  to  4-aminobiphenyl,  the  rate  con¬ 
stant  hardly  changes  noticeably  in  reactions  with 
p-nitrobenzoyl  chloride,  in  reactions  of  these 
amines  with  picryl  chloride,  the  rate  changes  in 
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TABLE  9 

Values  of  the  /  Factors  for  the  Molecular 
Systems  of  Stilbene,  Biphenyl.  Diphenyl 
Oxide  and  Diphenyl  Sulfide 


System 


-<^ _ ^-CH=CH=\^  /- 


•— s~ 


4.9 

10.(5 

12.11M 

23.812) 


5.1 

13.6 


such  para  substituents  as  P-NO2C6H4-  and 
duction  into  the  aniline  molecule  leads  to 
group. 


the  same  direction,  but  tplte  considerably.  This  result  agrees 
with  the  fact  tliat  the  reactions  of  aromatic  amines  with  halo- 
nitro  derivatives  of  the  benzene  series  are  more  sensitive  to 
structural  changes  in  the  molecules  of  the  amine  derivatives 
than  the  analogous  reactions  with  acid  chlorides  of  carboxylic 
acids;  reactions  with  halonitro  derivatives  are  characterized 
by  particularly  high  values  of  the  Hammett  constant  p*  [35]. 

A  comparison  of  the  results  of  tlie  reactions  of  aniline 
and  4-aininostilbene  with  tlie  two  electrophilic  reagents  shows 
that  the  group  p-CgHs— CH  =  CH—  has  a  more  sharply  expressed 
electron -accepting  nature  than  the  group  p-CgHs— .  However, 
it  is  interesting  that,  according  to  the  data  of  Kochi  and  Ham¬ 
mond  [36],  obtained  by  a  study  of  various  reactions  (solvolysis 
of  benzyl  tosylates,  measurement  of  the  dissociation  constants 
of  carboxylic  acids  and  alkaline  hydrolysis  constants  of  their 
esters),  this  grouping,  on  the  contrary,  behaves  as  an  electron 
donor.  Apparently,  the  action  of  this  group  on  the  aromatic 
ring  (like  tlie  p-phenyl  also)  may  change,  depending  on  the 
character  of  the  reaction.  The  electron -accepting  effect  of 
p-NO^C6H4— CH  =  CH—  is  even  more  clearly  expressed.  Their  intro- 
an  extremely  substantial  fall  in  tlie  reactivity  of  the  aromatic  amino 


The  value  of  the  /  factor  for  the  molecular  system  of  stilbene  both  in  the  case  of  the  reaction  with  p- 
nltrobenzoyl  chloride  and  wltli  picryl  chloride  was  found  to  be  a  factor  of  approximately  two  less  than  the  value 
of  /  for  the  analogous  system  of  biphenyl  (Table  9).  This  indicates  tliat  the  molecular  system  of  biphenyl  is  a 
better  conductor  of  the  electronic  interaction  of  the  substituents  than  the  stilbene  system. 

Despite  the  fact  that  the  bridge  grouping,  -CH  =  CH-,  connecting  the  two  benzene  nuclei,  contains  mo¬ 
bile  TT -electrons,  it  is  a  considerably  worse  conductor  of  electronic  effects  than  analogous  bridges  of  the  atoms 
— O  -  and, especially,  — S-.  Thus,  for  example,  the  value  of  the  /  factor  for  the  molecular  system  of  stilbene 
(reaction  with  p-nitrobenzoyl  chloride)  is  a  factor  of  two  and  a  half  less  than  that  for  the  diphenyl  oxide  system, 
and  a  factor  of  almost  five  less  than  tliat  for  the  diphenyl  .sulfide  system.  Thus,  atoms  of  “O-  or  — S— ,  intro¬ 
duced  into  a  conjugated  chain  in  place  of  the  grouping  “CH  =  CH— ,  in  no  way  behave  as  insulators  of  electronic 
interaction.  This  conclusion  appears  to  be  in  contradiction  to  the  results  of  optical  investigations  of  similar  sys¬ 
tems  (see  literature  on  this  problem  cited  in  [1]  and  [9],  pp  91-92).  However,  as  we  noted  previously  [1],  this 
contradiction  is  only  apparent  since, by  themselves,  optical  methods  do  not  allow  a  sufficiently  complete  charac¬ 
terization  of  the  interactions  of  substituents  in  the  molecular  systems  interesting  us. 


As  regards  the  question  of  whether  the  bridging  vinylene  grouping  is  a  worse  conductor  of  electronic  effects 
than  analogous  atoms  of  oxygen  and  sulfur,  it  seems  to  us  that  it  is  difficult  to  answer  this  question  completely  at 
tlie  present  time.  However,  it  is  apparently  necessary  to  take  note  of  the  following  considerations.  Transmission 
of  the  electronic  interaction  of  substituents  in  die  molecular  system  of  stilbene  from  one  benzene  nucleus  to  the 
other  through  the  vinylene  grouping  must  be  achieved  by  two  mechanisms,  inductive  and  due  to  the  effect  of 
7r,7r  -conjugation  (cf.  [1,2,  38]).  In  the  case  of  the  molecular  systems  of  diphenyl  oxide  and  diphenyl  sulfide,  in¬ 
stead  of  the  latter  effect,  there  is  p,Tr -conjugation.  Thus,  in  going  from  the  stilbene  system  to  the  two  other  sys¬ 
tems  considered,  at  least  two  factors  change  essentially;  first,  the  nature  of  the  conjugation  effect  is  changed 
and,  second,  the  unit  connecting  die  benzene  nuclei  is  shortened  by  a  factor  of  approximately  two.  While  It  Is 
difficult  to  evaluate  the  role  of  the  first  factor  at  the  moment,  we  may  nonedieless  state,  with  sufficient  confi¬ 
dence,  that  die  latter  factor,  which  facilitates  the  appearance  of  an  induction  mechanism,  must  undoubtedly  be 
of  great  importance  in  the  given  case. 


The  increased  role  of  an  induction  mechanism  also  explains  why  the  molecular  system  of  biphenyl  is  a 
better  transmitter  of  electronic  interaction  of  substituents  dian  die  stilbene  system,  which  is  longer  than  it  by  two 
methyne  units. 

*As  Is  known,  this  constant  serves  as  a  measure  of  the  ease  with  which  a  particular  aromatic  system  transmits  the 
electronic  interaction  of  the  substituents,  appearing  in  any  concrete  reaction. 
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The  comparative  investigation  we  carried  out  on  the  properties  of  compounds  wltli  the  bridge  units  -CH  =  CH 
—O,  -S-,  connecting  benzene  nuclei,  also  shows  that  there  is  a  quite  definitely  expressed  analogy  between  these 
properties  and  the  role  which  the  heteroatoms  play  in  heterocyclic  compounds  with  an  aromatic  character  (furan 
and  thiophene). 

As  regards  the  energy  Indexes  of  the  reactions  investigated  in  the  present  work,  one  may  state  that  the  re¬ 
actions  proceed  at  very  low  values  of  activation  energy  and  entropy  and  it  should  be  noted  that  the  reactions  with 
picryl  chloride  are  characterized  by  somewhat  higher  values  of  these  kinetic  parameters  than  the  analogous  re¬ 
actions  with  p-nitrobenzoyl  chloride.  The  following  should  be  noted:  in  going  from  4-amlnobiphenyl  to  Its  4*- 
nltro  derivative,  besides  a  decrease  in  rate,  there  is  an  increase  in  activation  energy,  while.in  the  case  of  reac¬ 
tions  of  similar  stilbene  derivatives,  the  opposite  is  observed. 

SUMMARY 

1.  A  study  was  made  of  the  kinetics  of  the  reactions  of  aniline,  4-aminobiphenyl,  4-amlno-4*-nltrobiphenyl, 
4-amlnostllbene  and  4-amino-4'-nitrostllbene  with  p-nltrobenzoyl  chloride  and  picryl  chloride  in  a  benzene  so¬ 
lution. 


2.  It  was  diown  that  the  molecular  system  of  stilbene,  in  which  die  benzene  nuclei  are  separated  by  a 
vlnylene  bridge  grouping.  Is  a  worse  conductor  of  electronic  effects  (from  one  nucleus  to  the  other)  than  the  bi¬ 
phenyl  system,  in  which  the  benzene  nuclei  are  bound  directly  to  each  other. 

3.  The  vinylene  bridge  grouping  between  the  benzene  nuclei  in  the  molecular  system  of  stilbene  transmits 
electronic  effects  from  one  nucleus  to  another  considerably  worse  than  the  analogous  oxygen  and,  especially, 
sulfur  atoms  in  die  diphenyl  oxide  and  diphenyl  sulfide  systems. 
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UNSYMMETRICAL  PYRIDINE  DYES 


N.E.  Grigor’eva,  V.N.  Voinova  and  L.M.  Dukina 
Kharkhov  State  University 


It  was  noted  long  ago  that  the  color  of  unsymmetrlcal  dyes  could  be  Imagined  as  a  *molecular  mixture* 
of  the  colors  of  the  corresponding  symmetrical  dyes;  however,  the  color  of  an  unsymmetrical  dye  is  not  always 
additive.  The  relation  between  the  color  and  the  asymmetry  of  the  molecule  was  studied  systematically  for 
cyanine  dyes  [1].  A.L  Kiprianov  and  G.T.  Pilyugln  [2]  first  established  that  additivl^  In  color  was  only  shown 
by  those  dyes  in  which  the  terminal  units  of  the  chromophore  were  heterocyclic  bases,  similar  in  basicity.  A 
difference  in  the  basicity  of  the  amines  forming  the  dye  produces  a  shift  in  the  absorption  maximum  from  the 
calculated  additive  value,  more  frequently  toward  the  short-wave  part  of  the  spectrum.  Later,  a  similar  rule 
was  observed  by  Brooker  [3]  in  the  color  of  unsymmetrical  dyes  of  various  classes.  In  subsequent  work,  A. I.  Kip¬ 
rianov  et  al.  [4]  and  G.T.  Pilyugin  et  al.  [5]  showed  that  the  relation  found  was  obeyed  by  a  large  number  of  ex¬ 
amples.  The  authors  explained  the  hypsochromic  shift  in  the  absorption  maximum  by  a  disturbance  of  the  equal¬ 
ization  of  the  bonds  in  the  conjugated  system  due  to  the  difference  in  the  basicity  of  the  terminal  units,  the 
heterocyclic  amines. 

We  investigated  the  absorption  spectra  of  17  unsymmetrical  pyridine  dyes,  obtained  by  Zincke’s  method 
[6],  by  the  condensation  of  N-substimted  monoanils  of  gluta conic  aldehyde  witib  aromatic  amines  in  the  presence 
of  acid  by  the  known  scheme 


Hi 


H, 


0 


Ar-N-(CH=CFI)2-Cf  +  HN— Ar  •  HCl  -H,0 
Hi  lU  1  + 


Ar— N— {Cn=CH)2— CH=N— Ar 
R,  =  CH..  C,H,.  C,H..  II,  =  H.  C.Hj. 


Gi¬ 


lt  was  established  previously  [7]  that  pyridine  dyes,  which  are  derivatives  of  primary  aromatic  amines, 
undergo  hydrolysis  and  the  color  of  the  alcohol  solutions  is  sometimes  increased;  hydrochloric  acid  was  added  to 
the  alcohol  solutions  to  suppress  hydrolysis.  The  absorption  spectra  of  unsymmetrical  dyes,  containing  primary 
amine  residues,  were  determined  in  ethyl  alcohol  in  the  presence  of  hydrochloric  acid  (with  the  exception  of 
diamine  derivatives). 

Table  1  shows  the  data  from  optical  determinations  for  unsymmetrical  and  the  corresponding  symmetrical 
pyridine  dyes  in  95*70  etliyl  alcohol  in  the  presence  of  hydrochloric  acid.  'The  values  of  the  maxima  of  the  sym¬ 
metrical  dyes,  derivatives  of  secondary  amines,  are  presented  in  the  column  with  the  number  I,  those  of  the  pri¬ 
mary  amine  derivatives  in  the  column  with  the  number  n  and  the  calculated  additive  maximum  in  the  column 
witii  the  heading  [(I)  +  (II)]/2. 

Comparison  of  the  data  in  the  table  shows  that  eight  dyes  (2,  3,  5,  8,  10,  12,  13,  16)  conform  to  additivity 
in  color  (allowing  a  deviation  of  ±5  mp),  for  six  of  the  dyes  (1,  4,  6,  7,  11,  14)  a  hypsochromic  shift  from  the 
additive  maximum  is  observed  and  for  three  of  the  dyes  (9,  15,  17)  the  maximum  is  shifted  toward  longer  wave¬ 
lengths.  The  reason  for  the  bathochromic  shift  of  the  nbsorption  maximum  of  unsymmetrical  dyes  is  unclear. 
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TABLE  1 


0) 

a.  . 

R  o 


Formulas  of  unsymmetrlcal  dyes 


10 

11 

12 

13 

14 

15 

16 

17 


ClI,  II 

/ — \  I  I 


/ — \. 

\. 


/  \ _ _ 

\ _ / 

CH, 
N— N— 


-]c.- 

CM,  H  1+ 

N-(CH),=N-<^  \-CH,  ( 


N-(ClI)j=N-  _ ^-OCH, 

CH,  H 

•  I  / - \ 

>-N-(CH),=N-<^  \N(C,H.), 


ci- 

+ 

ci- 

4- 

ci- 


Cll,  II 

/ — \  •  I 

^-N-(CH).-N- 


CI- 


/■ 


CH 

-\  • 

);-N-(CH), 
CH, 

\_N_(CH). 

C,H. 

\_N-(CH).: 

C,H, 

■\ 


H 

I 

=N-< 


'^tCO,C,H, 


T  + 

Cl- 


=N- 

H 

I 

H 

I 

=N- 


/' 

\ _ / 


-NO, 


j)_N-{CH),^.,-^ 

C,H,  H 

\  •  • 

^-N-(CH),=N-' 


C,H, 

'\-N-(CH.). 


ci- 


'^-CH, 


+ 

ci- 


Cl- 


-OCH, 


ci- 


C.H, 

\_N-(CH), 

C,H, 

"\-N-(CH),: 

C.H. 

")-N-(CH,)= 

C.H, 

~\-N-(CH),= 

C.H, 

"\-N-(CH,,) 

C.H, 

-\  I 

>-N-(CH,)= 


H 

:N-< 

H 

I 

=N-: 


ci- 


H 

I 

=N- 

II 
I 

=N-; 


"\-OCH, 


Cl- 


ci- 

n  + 
Cl- 


H 

H 


^-N(C,H,), 
1  + 


ci- 


■)-NO, 


Cl- 


C,H, 

I 

:N- 


Cl- 


*fnax‘'”''V  i<»~* 

Devia¬ 

tion 

from 

additive 

max. 

Cmti) 

unsym- 

metri- 

cal 

sym¬ 
metri¬ 
cal  (i) 

sym¬ 
metri¬ 
cal  (il) 

(1)4(11) 

2 

465/4.6 

450/8.0 

487/12.6 

476/10.3 

—11 

475/7.0 

450/8.0 

495/9.8 

473/8.9 

+2 

470/7.8 

450/8.0 

500/8.0 

475/8.0 

—5 

515/5.6 

450/8.0 

567/8.0 

541/8.0 

—26 

478/6.1 

4.50/8.0 

510/10.8 

480/9.4 

—2 

470/4.6 

450/8.0 

500/6.3 

48.5/7.1 

—15 

480*/- 

4.50/8.0 

.527/— 

489/— 

—9 

466/6.3 

442/6.7 

487/12.6 

46.5/9.6 

476 

442/6.7 

495/9.8 

468/8.3 

+8 

474 

442/6.7 

.500/8 

471/7.4 

43 

47,5/7.4 

442/6.7 

.527/— 

484.5 

-9.5 

485/4.8 

487/6.4 

487/12.6 

487/9.5 

-2 

489/4.5 

487/6.4 

495/9.8 

491/8.1 

—2 

480/3.1 

487/6.4 

500/8.0 

493/7.2 

—13.5 

535 •/4.4 

GO 

.567*/8.0 

527/7.2 

+8 

.503/- •• 

487/6.4 

.527/**- 

507/— 

-4 

489/5.2 

487/6.4 

442/6.7 

464.5 

6.5 

+24.5 

*lii  alcohol  wiAout  acid. 
•♦In  glacial  acetic  acid. 
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Analyiis  data 
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TABLE  2  (contiimed) 


i. 
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It  Is  curious  that  the  tendency  for  a  bathochromlc  shift  in  the  absorption  maximum  is  observed  in  all  cases 
where  tlie  basicity  of  the  primary  amine  is  increased  (cf.  8  and  9  and  14  and  15);  however,  the  strongest  batho- 
chromJc  shift  in  die  absorption  maximum  is  observed  for  dye  17,  which  is  formed  of  two  secondary  amines,  dif¬ 
fering  strongly  in  basicity  and  having  steric  hindrance.  In  the  case  of  a  bathochromlc  shift  in  the  maximum  of 
an  unsymmetrlcal  dye,  diere  is  sometimes  a  considerable  decrease  in  the  absorption  intensity.  The  color  of  dye 
17  hardly  differs  from  the  color  of  the  more  deeply  colored  symmetrical  dye  which,  like  the  more  highly  colored 
one,  has  steric  hindrance,  though  it  would  hardly  disturb  the  planarity  of  the  molecule*s  structure;  it  is  possible 
that  the  bonds  are  defcarmed  in  these  molecules,  i.e.,  the  bond  angles  of  the  atoms  are  deformed  [8]  and,due  to 
this,  the  energy  level  of  the  excited  state  of  the  molecule  is  lowered  and  the  color  deepened.  Deformation  of 
the  angles  must  hinder  equalization  of  the  bonds,  i.e.,  displacement  of  the  rr -electrons  In  the  conjugated  system 
and,  therefore,  the  absorption  intensity  Is  decreased.  However,  the  hypothesis  presented  for  the  reason  for  the  dif¬ 
ferent  shift  in  the  absorption  maximum  of  unsymmetrlcal  dyes  from  the  calculated  additive  value  does  not  ex¬ 
plain  why,  in  one  case,  the  steric  hindrance  disturbs  the  planar  structure  of  the  molecule  and,  in  the  other,  it 
produces  a  deformation  of  the  bonds  between  the  atoms  witfiout  disturbing  the  planar  structure  of  the  molecule. 
Further  investigations  in  this  direction  are  required. 

EXPERIMENTAL 

The  unsymmetrlcal  pyridine  dyes  were  obtained  by  the  general  method  [6].  An  equimolecular  mixmre  of 
the  monoanil  of  glutaconic  aldehyde  and  amine  was  moistened  widi  several  drops  of  alcohol  or  acetic  acid, 
heated  on  a  water  bath  at  60-80*  for  1-2  minutes  and  diluted  with  hydrochloric  acid  (1  ml  of  HCl,  d  1.19,  to  5  ml 
of  H2O).  The  precipitate  was  collected  and  washed  on  the  filter  with  very  dilute  acid,  pressed  out  well  and 
washed  witli  ether.  Concentrated  acid  may  be  added  to  the  mixture  of  monoanil  and  amine,  but  it  must  be 
borne  in  mind  that  excess  acid  decomposes  the  monoanil  and  symmetrical  dyes  may  be  formed.  The  best  yields 
of  dyes  were  obtained  in  condensation  of  amine  hydrochlorides  widi  the  monoanils  in  a  small  amount  of  alcohol 
or  acetic  acid.  In  general,  the  unsymmetrlcal  dyes  were  very  soluble  in  alcohol  and  acetic  acid.  They  were 
purified  by  recrystallization  from  alcohol  acidified  with  hydrochloric  acid,  or  from  alcohol  diluted  with  water 
and  acidified.  Prolonged  heating  of  the  acidified  solutions  is  not  recommended  since  the  dyes  are  not  stable. 

The  unsymmetrlcal  dyes  could  be  freed  from  possible  traces  of  symmetrical  dyes  by  repeated  recrystallization. 
Witii  similar  melting  points  for  the  unsymmetrlcal  and  the  corresponding  symmetrical  dyes,  the  melting  point 
of  a  mixmre  of  them  was  determined.  Before  analysis,  the  dyes  were  dried  in  vacuum  over  phosphorus  pentoxide 
at  50-65*.  Data  on  the  dyes  synthesized  are  given  in  Table  2.  The  monoanils  of  glutaconic  aldehyde,  required 
for  the  synthesis  of  the  unsymmeirical  dyes,  were  described  in  another  place  [9]. 

SUMMARY 

1.  Seventeen  unsymmetrlcal  pyridine  dyes  were  synthesized  and.of  these,  sixteen  are  not  described  in  the 
literamre. 

2.  In  most  cases,  the  relation  between  the  change  in  color  and  the  change  in  basicity  of  the  amines,  form¬ 
ing  the  molecule  of  the  unsymmetrical  dye,  established  by  A. I.  Kiprlanov  and  G.T.  Pilyugin,  was  observed  on 
comparing  tlie  absorption  spectra  of  the  unsymmetrical  and  the  corresponding  symmetrical  dyes. 
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SYNTHESES  OF  S  EL  EN  OOR  GA  N  IC  COMPOUNDS, 
PROCEEDING  FROM  CARBON  DISELENIDE 


N.N.  Yarovenko,  G.B.  Gazieva,  V.N.  Sheraanina 
and  N.A.  Fedorova 


The  purpose  of  the  present  work  was  the  synthesis  of  certain  new  selenium  compounds  from  carbon  diselenide. 

Carbon  diselenide  is  one  of  the  most  accessible  and  simplest  selenium  compounds  of  carbon.  It  is  formed 
on  reaction  of  carbon  tetrachloride  with  phosphorus  pentaselenide  [1,2],  cadmium  selenlde  [3],  or  hydrogen 
selenlde  [4],  and  also  on  heating  elementary  selenium  with  methylene  chloride  in  a  current  of  nitrogen  [5].  The 
last  method  of  preparing  carbon  diselenide  is  the  best. 

Carbon  diselenide  readily  reacts  with  chlorine  to  form  trichloromethylselenium  chloride  [5]. 

CSC2  CClgScCl 

Wlien  this  reaction  is  carried  out  at  low  temperatures,  the  yield  of  trichloromethylselenium  chloride  may 
be  increased  to  73^o.  We  found  that  trichloromethylselenium  chloride  readily  reacts  with  potassium  cyanide  to 
form  trichloromethylselenocyanate. 


K('N 

CClaSeC^l  CClgSeCN 

Trichloromethylselenium  chloride  reacts  with  ethylene  to  give  trichloromethyl-fl -chloroethyl  selenlde. 


CClaSoCl  CCI3S0CH2CH2CI 


On  reduction  of  trichloromethylselenium  chloride  with  metallic  tin  in  a  hydrochloric  acid  medium,  a  dimer 
of  selenocarbonyl  chloride  is  obtained. 


CClsScCl  ^  (CCi2Se)2 

Carbon  diselenide  reacts  with  selenium  dioxide  to  form  carbon  oxyselenlde 

CS2  CSeO 

EXPERIMENTAL 

Trichloromethylselenium  chloride.  Into  a  flask  provided  with  a  low -temperature  thermometer  was  put  a 
solution  of  17  g  of  carbon  diselenide  in  100  ml  of  carbon  tetrachloride,  and  28.5  g  of  dry  chlorine  was  slowly  ad¬ 
ded  with  cooling  to  —80  to  —30"  and  constant  stirring.  In  the  course  of  the  reaction  the  solution  became  ted, 
and  selenium  tetrachloride  settled  to  the  bottom  of  the  flask.  After  addition  of  the  calculated  quantity  of  chlorine, 
the  reaction  mixture  was  slowly  heated  to  room  temperature  and  left  for  several  hours.  Then  the  precipitate  was 
filtered  out,  and  the  carbon  tetrachloride  was  distilled  from  the  liquid  at  a  reduced  pressure  about  200  mm.  The 
liquid  remaining  in  the  flask  was  quickly  washed  with  an  equal  volume  of  water,  dried  with  calcium  chloride,  and 
distilled.  There  was  obtained  17  g  (73®/o)  of  trichloromethylselenium  chloride. 
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B.p.  68*  at  23  mm,  n*^D  1.5808,  2.1140. 

Found  <70:  C  5.56,  5.43;  01  60.61,  60.82;  Se  33.59,  33.75.  CCI^Se.  Calculated ‘/o;  0  5.16;  01  60.94; 

Se  33.90. 

Trichlorom ethyl  selenocyanate.  To  a  solution  of  3.5  g  of  trichloromethylselenium  chloride  in  5.0  ml  of 
carbon  tetrachloride  was  added  1  g  of  a  solution  of  potassium  cyanide  in  1  ml  of  water  in  small  portions  with 
stirring  and  cooling  (temperature  not  over  +5*).  In  the  course  of  the  reacticNi  die  color  of  the  solution  changed 
from  bright -red  to  light-yellow,  and  potassium  chloride  was  precipitated.  After  completion  of  the  reaction,  the 
liquid  was  filtered,  dried  with  sodium  sulfate  and  distilled.  There  was  obtained  2.1  g  (63*^)  of  trichloromethyl 
selenocyanate. 

B.p.  88*  at  20  mm,  n®D  1.5564,  d®^  1.993. 

Found  <70:  0  11.01,11.36;  0147.42;  Se  35.35,  35.26.  0,01, NSe.  Calculated 0  10.71;  0147.65; 

Se  35.35. 

Trichloromethyl-  B-chloroethyl  selenide.  Into  a  test  tube  provided  with  inlet  and  outlet  tubes  was  put  3.5  g 
of  trichloromethylselenium  chloride.  The  inlet  tube  was  connected  to  a  gas  reservoir  filled  with  ethylene^  the 
latter  was  blown  through  the  apparatus  until  air  was  completely  removed,  and  the  outlet  tube  was  closed. 

The  absorption  of  the  calculated  quantity  of  ethylene  lasted  for  several  hours,  the  entire  reaction  taking  place 
with  the  outlet-tube  stopcock  closed. 

The  trichloromethylselenium  chloride,  initially  deep-red,  gradually  lightened  as  the  reaction  proceeded, 
and  became  light-yellow.  On  distillation  trichloromethyl-fl-chloroethyl  selenide  was  obtained  in  quantitative 
yield. 

B.p.  108*  at  7  mm,  n*®D  1,5722,  1.874. 

Found 0  13.89,13.90;  H  1.90,  1.56;  0154.09,54.48;  Se  30.24,  30.18.  C,Fl4Cl|Se.  Calculated ‘7o: 

0  13.80;  H1.54;  01  54.40;  Se  30.26. 

Carbon  oxyselenide.  20  g  of  carefully  dried  selenium  dioxide  and  5  g  of  carbon  diselenide  were  heated  in 
an  open  flame  for  3-5  minutes  until  a  homogeneous  mixture  was  obtained.  Then,  after  cooling  to  room  tempera¬ 
ture,  10  ml  of  oleum  was  added  dropwise  to  the  reaction  mixture.  The  reaction  proceeded  very  vigorously  with 
precipitation  of  elementary  selenium.  The  evolved  gases  were  collected  in  a  receiver  cooled  with  liquid  air. 

After  the  reaction  was  finished,  the  gases  were  distilled  through  a  column  for  low -boiling  substances.  There  was 
obtained  0,51  g  (16*yo)  of  carbon  oxyselenide,  b.p.  “22,  -20*. 

Found ‘fe  Se  73.00.  COSe.  Calculated  "/o;  Se  73.83. 

SUMMARY 

1.  A  method  of  preparation  of  trichloromethylselenium  chloride  through  the  chlorination  of  carbon  diselenide 
at  low  temperatures  has  been  studied. 

2.  New  selenoorganic  compounds  have  been  synthesized:  trichloromethyl  selenocyanate  and  trichloro¬ 
methyl- fi-chloroethyl  selenide. 

3.  It  has  been  established  tliat  carbon  diselenide  reacts  with  selenium  dioxide  to  form  carbon  oxyselenide, 
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PREPARATION  OF  HEX  A  FLUORODIMETHYL  DISELENIDE 
FROM  SALTS  OF  TRIFLUOROACETIC  ACID. 

AND  SOME  OF  ITS  PROPERTIES 

N.N.  Yarovenko,  V.N.  Shemanina  and  G.B.  Gazieva 

Lately,  as  is  generally  known,  decarboxylation  reactions  of  salts  of  fluorinated  organic  acids  have  been 
widely  used  for  the  synthesis  of  organofluorine  compounds  [1, 2].  The  reactions  apparently  take  place  according 
to  the  schemes 

Hill 

CF3CO2AR - ^  ICFsGOallall  CFaJIal 

CFsCOaAg (CF3CO.2NOI  CF3NO 


However,  on  decarboxylation  of  trifluoroacetic  acid  salts  in  die  presence  of  sulfur  there  are  formed  not 
organofluorine  compounds  of  sulfur,  but  sulfur  dioxide,  silver  sulfide,  and  trifluoroacetic  anhydride  [3]. 


'4CF3C02Ag  4-  3S  =  2Ag2S  i  2(CF3C0)20  4-  SO2 


In  view  of  the  fact  that  selenium  is  an  analog  of  sulfur  and  has  many  properties  in  common  with  it,  it 
seemed  unlikely  that  organofluorine  compounds  of  selenium  could  be  prepared  in  such  a  way.  For  this  reason, 
decarboxylation  of  salts  of  fluorinated  acids  in  the  presence  of  selenium  has  not  been  carried  out  by  anyone  until 
now. 


We  found  that  when  mercuric  or  silver  trifluoroacetate  is  heated  with  selenium,  the  reaction  proceeds 
otherwise  than  with  sulfur,  and  hexafluorodimethyl  diselenide  is  formed. 


(CF3C02)illg  CF3SCS0CF3 


The  reaction  products  must  be  collected  by  means  of  liquid  air,  since,  if  the  receiver  is  insufficiently 
cooled,  a  considerable  part  of  the  diselenide  is  carried  away  by  the  carbon  dioxide  evolved  during  the  reaction. 

As  is  generally  known,  the  preparation  of  hexafluorodimethyl  diselenide  and  hexafluorodimethyl  selenide 
by  heating  trifluoroiodomethane  with  selenium  is  mentioned  in  the  cited  reviews  on  organofluorine  compounds 
[1.2]. 

CF3I  (CF3)2So2  +  (CF3)2Se 


Five  products  of  their  further  conversion  also  are  described:  CF3SeCl.  CF3SeCl3,  CFjSO^H,  CF3SeHgCl, 
CF3SeHgSeCFj.  The  hexafluorodimethyl  diselenide  obtained  by  us  was  cleaved  by  chlorine  and  bromine  accord¬ 
ing  to  the  scheme 

GF3SCSCCF3  — ^  GFaSellnl 


As  was  to  be  expected,  the  trifiuoroalkylselenium  halides  obtained  proved  to  be  very  reactive  compounds. 
They  readily  react  with  potassium  cyanide  to  form  selenocyanates. 
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KCK 

CFnSoCI  — ^  CF;,Scr,N 

They  readily  add  to  unsaturated  compounds  to  form  trifluoromethyl-6-chloroalkyl  selenides. 

CFaSoCI  -  CFaSeClloCIIjCl 

Tliey  react  with  acetone  to  form  trifluoromelhyl  acetonyl  selenide. 

CFsScCl  CFaSeCHaCOCH;, 

EXPERIMENTAL 

Hexafluorodimethyl  diselenlde.  10  g  of  colloidal  selenium,  carefully  dried  over  phosphorus  pentoxide,  and 
10  g  of  mercuric  trifluoroacetate  were  mixed  and  placed  in  a  glass  tube,  about  20  mm  in  diameter  and  200  mm 
in  length,  sealed  at  one  end.  The  reaction  mixture  was  gradually  heated  in  an  open  flame,  and  the  reaction 
products  were  collected  in  a  trap  cooled  with  liquid  air.  After  the  reaction  was  finished,  the  contents  of  the  trap 
were  slowly  heated  to  room  temperature.  The  liquid  obtained  (3.2  g)  was  washed  with  an  equal  volume  of  ice 
water,  dried  with  sodium  sulfate  and  distilled.  There  was  obtained  1.1  g  (16*^)  of  hexafluorodimethyl  diselenide. 

Under  similar  conditions,  hexafluorodimethyl  diselenide  was  obtained  in  28*7o  yield  from  silver  trifluoro¬ 
acetate  and  selenium. 

B.p.  70“.  np  1.4035,  2.2031. 

Found ‘yo:  F  39.01,  38.87;  Se  52.98,  53.25.  CjFgSej.  Calculated  *70;  F  38.51;  Se  53.40. 

Trifluoromethylselenium  chloride.  To  3.2  g  of  hexafluorodimethyl  diselenide,  cooled  to  the  point  of  in¬ 
cipient  crystallization,  was  added  0.75  g  of  chlorine  in  small  portions  with  constant  stirring.  The  reaction  was 
carried  out  at  the  lowest  possible  temperature,  without  complete  solidification  of  the  reaction  mixture.  As  tri¬ 
fluoromethylselenium  chloride  was  formed,  the  liquid  became  rose-colored  and  then  deep-red,  and  an  Inappre¬ 
ciable  yellow  precipitate  settled  to  the  bottom  of  the  flask.  On  completion  of  the  reaction,  the  mixture  was 
heated  to  room  temperature  and  left  for  several  hours.  On  distillation,  3,4  g  (36®/o)  of  trifluoromethylselenium 
chloride  was  obtained. 

B.p.  31“,  n“D  1.3930,  d“4  1.9899. 

Found ‘yo:  F  31.29,  31.09;  Cl  19.43,  19.52;  Se  42.82,  42.79.  CFsClSe.  Calculated ‘^0;  F  31.06;  Cl  19.35; 
Se  43.05. 

Trifluoromethylselenium  bromide.  To  2.7  g  of  hexafluorodimethyl  diselenide,  1.46  g  of  bromine  was  ad¬ 
ded  dropwise  with  cooling  in  ice  water.  As  trifluoromethylselenium  bromide  formed,  the  liquid  became  rose- 
colored,  and  then  deep-red.  Within  15  minutes  after  the  calculated  quantity  of  bromine  was  added,  the  liquid 
was  distilled  There  was  obtained  3.5  g  (84*70)  of  trifluoromethylselenium  bromide. 

B.p.  57“,  np  1.4270,  d*^4  2.3567. 

Found  *70:  F  24.93,  24.80;  Br  34.89,  34.94;  Se  34.59.  34.73;  C  5.86.  CFjBrSe.  Calculated  ^  F  25.0j 
Br  35.09;  Se  34.65;  C  5.26. 

Trifluoromethyl  selenocyanate.  To  a  solution  of  4.0  g  of  trifluoromethylselenium  chloride  in  8  ml  of  ether, 
a  solution  of  1.55  g  of  potassium  cyanide  in  1.5  ml  of  water  was  added  in  small  portions  with  stirring  and  cooling 
(temperature  not  over  5“).  During  the  reaction,  the  color  of  the  solution  changed  from  deep-red  to  light-yellow, 
and  potassium  chloride  was  precipitated. 

After  the  reaction  was  finished,  the  liquid  was  filtered,  dried  with  sodium  sulfate,  and  distilled.  There  was 
obtained  3.77  g  (61*70)  of  trifluoromethyl  selenocyanate. 

B.p.  80“,  n^D  1.3875,  d“4  1.7912. 

Found  *7o:  F  45.33,  45.55;  Se  32.10,  32.58.  C^FjNSe.  Calculated  *70:  F  45.40;  Se  32.76. 
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Trifluoromethyl-8-chloroethyl  selenide.  Into  a  test  tube  provided  with  inlet  and  outlet  tubes  was  put'  1.7  g 
of  trifluoromethylselenium  chloride.  The  inlet  tube  was  connected  to  a  gas  reservoir  filled  with  ethylene,  the 
latter  was  blown  through  the  apparatus  until  the  air  was  completely  removed,  and  the  outlet  tube  was  closed. 

The  absorption  of  the  calculated  quantity  of  ethylene  took  several  minutes,  and  the  entire  reaction  took  place 
with  the  outlet -tube  stopcock  closed. 

On  distillation,  trifluorometliyl-8-chloroethyl  selenide  was  obtained  in  quantitative  yield. 

B.p.  no*.  n“D  1.4355,  d“4  1.6910. 

Found  *70:  F  27.50;  Cl  16.66;  Se  37.29;  C  17.08;  H  2.01.  C,ll4F,ClSe.  Calculated  *yo;  F  27.30;  Cl  16.53; 
Se  37.40;  C  17.42;  H  2.18. 

Trifluoromethyl  acetonyl  selenide.  To  0.995  g  of  acetone,  3.30  g  of  trifluoromethylselenium  chloride  was 
added  dropwise  with  cooling  in  ice  water,  and  die  mixture  was  left  at  room  temperature  until  the  evolution  of 
hydrogen  chlcxride  ceased.  It  was  then  washed  widi  water,  and  the  oil  was  drawn  off,  dried  with  sodium  sulfate, 
and  distilled.  There  was  obtained  1.8  g  of  trifluoromethyl  acetonyl  selenide. 

B.p.  119",  n“D  1.4170,  d^^  1.7502. 

Found ‘l/o:  F  27.76,  27.83;  Se  38.29,  38.43;  C  23.34,  23.41;  H  2.68,  2.53.  C^HgOFjSe.  Calculated 
F  27.81;  Se  38.54;  C  23.41;  H  2.44. 

SUMMARY 

1.  A  new  method  of  preparing  hexafluorodimethyl  diselenide  from  trifluoroacetic  acid  salts  and  elementary 
selenium  is  described. 

2.  Tlie  following  new  organofluorine  compounds  of  selenium  have  been  prepared:  trifluoromethylselenium 
bromide,  trifluoromethyl  selenocyanate,  trifluoromethyl  -  fl -chloroethyl  selenide,  and  trifluoromethyl  acetonyl 
selenide. 
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INVESTIGATIONS  IN  THE  FIELD  OF  QUINONES 

XXVI.  CONDENSATION  OF  p-QUINONES  WITH  ETHYL  FUROYLACETATE, 
ACETYLACETONE  AND  DIBENZOYLMETHANE 

A.N.  Grinev.  L.A.  Bukhtenko  and  A.P.  Terent’ev 
Moscow  State  University 


The  interaction  of  p-quinones  with  ethyl  acetoacetate  and  its  analogs  has  already  been  studied  in  detail 
in  our  works  [1-13].  This  reaction,  which  occurs  in  the  presence  of  zinc  chloride,  leads  to  derivatives  of  benzo- 
furan,  benzodifuran  and  naphthofuran.  We  have  now  investigated  the  reactions  of  p-benzoqulnone  and  a -naphtho¬ 
quinone  with  ethyl  furoylacetate,*  acetylacetone  and  dibenzoylmethane.  The  condensation  of  p-benzoquinone 
and  a -naphthoquinone  with  ethyl  furoylacetate,  which  takes  place  similarly  to  the  interaction  of  these  quinones 
with  otiier  a-ketoacid  esters,  leads  to  the  formation  of  2-furyl-3-carbethoxy-5-hydroxybenzofuran  (I),  a  deriva¬ 
tive  of  benzodifuran.  and  2-furyl-3-carbethoxy-5-hydroxynaphthofuran  (II).  The  two  structural  formulas  (III) 
and  (IV)  may  be  surmised  for  the  obtained  benzodifuran  derivative. 


CODCails 


\  \()/  \()/ 


(I) 

n  COOCzllr, 

/  X  /  \/^x _  _ 

“'■Jljj-I  J 

\o/  xq/ 


1I.C.>()0C 


(III) 


COOC2II5 


V^o/-\o/ 


(11) 


H5C200C  COOC2H6 


(IV) 


The  reaction  of  p-benzoquinone  with  acetylacetone  in  pyridine  was  first  observed  by  lonescu  [15],  but  he 
proposed  an  incorrect  structural  formula  for  the  compound  obtained.  After  this,  Bernatek  [16-  18]  showed  that 
2 -methyl-3 -acetyl-5 -hydroxybenzofuran  (V)  and  2,6-dimethyl-3,7-diacetylbenzo-(l,2-b:  4,5-b’)-difuran  (VI) 
are  formed  along  with  other  jnroducts  in  the  course  of  this  reaction.  Recently,  Bernatek  [19]  published  a  paper  in 
which  the  interaction  of  p-benzoquinone  and  a -naphthoquinone  with  analogs  of  ethyl  acetoacetate  in  the  pres¬ 
ence  of  zinc  chloride  is  described.  However,  this  article,  which  was  printed  at  the  end  of  1956,  merely  repeated 
the  results  of  our  investigations  of  1954  on  this  matter  [2. 4],  which  were  published  before  the  Bernatek  article 
appeared. 

In  the  present  work,  by  studying  the  reactions  of  p-benzoquinone  and  a -naphthoquinone  with  acetylacetone 
in  the  presence  of  zinc  chloride,  we  found  the  reaction  conditions  under  which  2-methyl-3-acetyl-5-hydroxy- 
benzofuran  (V)  and  2 -methyl-3 -acetyl-5 -hydroxynaphthofuran  (VII)  are  obtained  in  60-65*70  yield. 


•Ethyl  furoylacetate  was  prepared  by  a  method  described  in  the  literature  [14]. 
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Relatively  high  yields  of  these  compounds  could  be  obtained  only  by  gradual  addition  of  the  quinones  to 
the  reaction  mixture.  The  reaction  must  be  carried  out  in  diis  order,  as  was  stated  earlier  [3,  5,  6],  because  when 
the  quinones  are  gradually  added  to  the  mixture  of  the  other  components,  collateral  oxidation -reducticm  processes 
are  almost  completely  excluded. 

Some  substituted  benzofurans  apparently  can  be  conveniently  prepared  by  the  reaction  of  p-quinones  and 
acetylacetoneimlne.  For  instance,  2-mediyl-3-acetyl-5-hydroxy-6,7-dichlorobenzofuran  (VIII)  is  obtained  by 
the  condensation  of  2,3-dichloro-p-benzoquinone  with  acetylacetoneimlne  in  90%  yield. 

The  reaction  of  a -naphthoquinone  with  dibenzoylm ethane  led  to  unexpected  results.  The  main  product 
of  this  reaction  proved  to  be  the  adduct  (EX)  of  a -naphthoquinone  widi  the  enol  form  of  dibenzoylmethane, 
whereas  2-phenyl-3-benzoyl-5-hydroxynaphthofuran  (X)  was  formed  only  in  insignificant  yield.  On  methylatlon 
with  dimethyl  sulfate  in  an  alkaline  medium,  adduct  (DC)  was  converted  to  a  derivative  of  benzochromenol  (XI). 


/y\y\y'  ^ _ Call.: 

'  1  1  i 

0  OH 


(IX) 


OCH. 


C«H- 

II  I  H 


I 

()CH3  oh 

(XI) 


II 

1 1 0-.^  I - jj-c- Ce  1 1 5 

I  I 

(X) 


The  series  of  compounds  synthesized  in  the  present  work  was  characterized  by  preparing  derivatives. 


EXPERIMENTAL 

1.  Condensation  of  ethyl  furoylacetate  with  p-benzoquinone.  To  a  solution  of  20.5  g  of  zinc  chloride  in 
45  ml  of  anhydrous  alcohol  was  added  27.3  g  of  ethyl  furoylacetate,  and  then  10.8  g  of  p-benzoquinone;  in  this 
case,  the  reaction  solution  warmed  up  and  darkened.  It  was  then  heated  in  an  air  bath  for  one  hour  at  100-110* 
The  crystals  which  separated  after  cooling  the  solution  was  filtered  out,  washed  in  the  filter  with  alcohol,  and 
recrystallized  from  dioxane.  Yield  of  the  benzodifuran  derivative,  0.6  g;  m.p.  254-255*. 

Found  %;  C  66.67,  66.53j  H  4.63,  4.49.  C24HuOg.  Calculated  %;  C  66.36;  H4.18. 

The  mother  liquor  was  left  for  seven  days;  the  crystals  which  separated  were  filtered  out  and  washed  with 
water  and  alcohol. 

Yield  of  (I),  4  g;  m.p.  155-156*  (from  50%  acetic  acid). 

Found  %:  C  66.15,  66.32;  H  4.64,  4.75.  C^HaOB.  Calculated  %;  C  66.17;  H  4.44. 

2.  Preparation  of  2-furyl-3-carbethoxy-5-methoxybenzofuran  (XII).  A  1.45-g  quantity  of  (I)  was  dissolved 
in  10  ml  of  dioxane.  To  the  solution  obtained  was  added  5.2  ml  of  2  N  sodium  hydroxide  and  then  1  ml  of  di¬ 
methyl  sulfate.  The  reaction  solution  was  shaken  for  50  minutes  and  diluted  with  water,  and  the  precipitate 
formed  was  filtered  out  and  washed  with  water.  Yield  of  (XII),  1.3  g;  m.p.  65-65.5*  (from  methanol). 
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in  4  ml  of  anhydrous  alcohol.  To  the  solution  obtained  was  added  10  ml  of  acetylacetone;  then  4.74  g  of  a- 
naphthoquinone  was  added  during  15  minutes  with  stirring,  the  mixture  being  heated  to  80-90*.  The  reaction 
mixmre  was  heated  for  45  minutes  at  100*.  The  precipitate  formed  was  filtered  out,  washed  with  ether,  and  re¬ 
crystallized  from  alcohol.  Yield  of  (VII),  4.8  g;  m.p.  246-248*. 

Found  <70:  C  75.28,  75. 13i  H  5.19,  5.24.  CigHijOj.  Calculated  <70:  C  74.99;  H  5.03. 

8.  Condensation  of  2,3-dichloro-p-benzoquinone  with  acetylacetoneimine.  A  solution  of  8  g  of  2,3-di- 
chloro-p-benzoquinone  in  10  ml  of  chloroform  and  one  of  4.5  g  of  acetylacetoneimine  in  15  ml  of  chloroform 
were  mixed  at  room  temperature.  Marked  warming  and  effervescence  of  the  solvent  were  observed;  in  this  case, 
a  precipitate  fonned.  To  complete  the  reaction,  the  reaction  mixture  was  heated  for  45  minutes  in  a  water  bath; 
the  crystals  which  had  separated  were  filtered  out  and  washed  with  ether.  Yield  of  (VIII),  10.5  g;  m.p.  256-257* 
(from  aqueous  dioxane).  A  mixture  test  of  this  substance  with  (VIII),  prepared  by  condensation  of  acetylacetone 
with  2,3-dichloro-p-benzoquinone  [13],  showed  no  melting-point  depression. 

9.  Condensation  of  dibenzoylmethane  with  ct -naphthoquinone.  For  the  experiment.  28.5  g  of  dibenzoyl- 
methane,  20.1  g  of  a -naphthoquinone,  27  g  of  zinc  chloride,  and  54  ml  of  anhydrous  alcohol  were  taken.  The 
reaction  mixture  was  heated  in  an  air  bath,  a  temperature  of  75-78"  being  maintained  inside  the  flask;  the  entire 

♦In  the  reaction  the  extractor  was  used  without  a  siphon. 
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mass  crystallized  within  30  minutes;  after  cooling,  the  crystals  were  filtered  out  and  washed  with  water  and  a 
little  alcohol.  Yield  of  crystalline  products,  40  g.  Two  different  products  were  obtained  by  fractional  recrystal¬ 
lization  from  alcohol:  15  g  of  alcohol -soluble  adduct  (DC),  m.p.  174-175*  (from  dichloroethane),  in  the  form  of 
white,  acicular  crystals,  and  1.5  g  of  naphthofuran  derivative  (X),  which  is  poorly  soluble  in  alcohol;  bright- 
yellow  crystals  widi  m.p.  224-225*  (from  alcohol). 

Substance  (DC).  Found ‘fe  C  78.80,  78.59;  H  4.85,  4.73.  C^HigOi.  Calculated  <70:  C  78.52;  H  4.74. 

Substance  (X).  Found  0  82.55,82.61;  H  4.50,  4.54.  CjsHwOi-  Calculated  <70;  0  82.40;  H4.43. 

10.  Methylation  of  adduct  (DC).  A  7.8-g  quantity  of  adduct  (DC)  was  dissolved  in  20  ml  of  2  N  sodium  hy¬ 
droxide  solution  and  10  ml  of  dioxane;  the  solution  turned  deep-blue.  To  the  solution  obtained  was  added  5  ml 
of  dimethyl  sulfate.  A  reaction  began  immediately  with  evolution  of  heat.  The  reaction  solution  was  cooled 
and  shaken  for  30  minutes  at  room  temperature.  The  reaction  mass  was  diluted  with  water  and  the  precipitate 
was  filtered  out,  washed  with  water  and  dried.  Yield  of  (XI),  7.5  g;  m.p.  160-160.5*  (from  alcohol). 

Found‘d  C  79.28,  79.06;  H  5.45,  5.41.  C^I^O^.  Calculated ‘7oi  C  79.00;  H  5.40. 

SUMMARY 

1.  The  condensation  of  p-benzoquinone  and  a -naphthoquinone  with  ethyl  furoylacetate  and  acetylacetone, 
a -naphthoquinone  with  dibenzoylmethane,  and  2,3-dichloro*p-benzoquinone  with  acetylacetoneimine  has  been 
studied. 

2.  It  has  been  established  that  the  results  of  these  reactions  depend  to  a  considerable  degree  on  the  condi¬ 
tions  under  which  they  are  carried  out,  and  also  on  the  nature  of  the  initial  substances  entering  into  the  reaction. 
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NEW  AROMATIC  HOMOLOGS  OF  TAURINE 

A.P.  Terent'ev,  V.M.  Potapov  and  V.M.  Dem'yanovich 
Moscow  State  University 


Not  so  long  ago,  It  was  shown  In  our  laboratory  [1]  that  homologs  of  taurine  could  be  prepared  by  the  re¬ 
ductive  amlnation  of  fl-ketosulfonic  acids,  which  are  readily  available  today  [2].  Using  the  proposed  scheme  of 
synthesis,  we  prepared  a  series  of  new  aromatic  homologs  of  taurine -substituted  fl -phenyltaurines.  The  original 
aliphatic-aromatic  ketones,  prepared  by  the  Friedel-Crafts  condensation  of  the  corresponding  compounds  of  the 
benzene  series  with  acetyl  chloride  [3],  were  converted  by  means  of  sulfur  trioxide-dioxane  complex  to  fl-keto- 
sulfonic  acids.  The  latter  have  not  been  described  previously  in  the  literature,  and  for  this  reason  the  constants 
for  tlieir  ammoitlum  and  S-benzylthiuronlum  salts  are  given  in  Table  1. 

TABLE  1 

Aliphatic -Aromatic  fl -Ketosulfonlc  Acids 


Yield 

Melting  point 

i 

S-Benzylthiuronium  salt 

Ketosulfonic  acid 

(*70) 

of  the 

of  the 

melting 

point 

7oN 

free  acid 

NH4  salts 

found 

calc. 

C„llr,— (X)(;il.,S().,II 

U.'L/i 

71—74° 

207—209° 

138-1,38.5° 

7.53,  7.57 

7.64 

Callr— (;!H4U()(',I1.,S().,II 

79.2 

221-224 

170 

7.17,  0.97 

7.10 

iso  -(',3 H 7-(:„ !  1 4( XH :  1 1  .^Si ).,l  1 

87.2 

211-213 

103.5 

0.45,  (».55 

0.S5 

cHqO— (:„iii(X)(:M.,s(),ii 

84.0 

113-115 

219—220 

104—105 

0.90,  7.00 

7.07 

c.ji5()_(;,;ii4(X)(:ii2S()tII 

80.4 

219—221 

170..5-17I 

5.01,  5.40 

5.36 

Cl— (;„n4(:ocn.,S()3ii 

55.0 

109-111 

244—245 

210-217 

0.97,  0.83 

6.96 

Hr— r,,,||4(:OCIl2ao’.,M 

r>8.2 

247—249 

221.5—222 

0.17,  0.34 

6.28 

The  ammonium  salts  of  the  fl-ketosulfonic  acids  were  reductively  aminated.  As  reagents  formamide 
(method  A),  a  mixture  of  85‘7o  formic  acid, and  ammonium  carbonate  (metliod  B),  and  also  a  mixture  of  urea  and 
anhydrous  formic  acid  (method  C)  were  used.  In  the  case  of  the  preparation  of  fl -phenyltaurine  from  ammonium 
ui-acetophenonesulfonate  it  was  shown  that  better  yields  are  obtained  when  the  ammonium  carbonate- 8 5®/o  formic 
acid  mixture  is  used.  In  order  to  avoid  possible  hydrolysis  of  the  sulfo  group  at  the  beginning  of  the  reaction, 
while  die  medium  was  acid  owing  to  the  excess  of  formic  acid,  we  drove  off  the  water  by  heating  the  mixture  to 
185*  in  a  Wurtz  flask  connected  to  a  descending  condenser.  After  the  resulting  mixture  of  formamide  and  am¬ 
monium  formate  was  cooled,  the  ammonium  fl -ketosulfonate  was  added,  and  the  mixture  was  heated  to  180-185* 
for  six  hours.  The  reaction  began  at  120-125*  and  was  most  vigorous  at  170-180*.  The  evolution  of  hydrogen 
sulfide  was  observed,  which  indicates  tliat  the  sulfo  group  was  affected.  In  order  to  find  out  whether  the  sulfo 
group  affected  in  the  reaction  is  that  of  the  original  fl-ketosulfonic  acid  or  that  of  the  aminosulfonic  acid  formed, 
a  control  experiment  was  performed  with  the  ammonium  salt  of  N-formyl-fl  -phenyltaiuine;  after  the  latter  was 
heated  for  six  hours  to  185*  with  a  mixture  of  formamide  and  ammonium  formate  and  tlte  reaction  mixture  hy¬ 
drolyzed  with  hydrochloric  acid,  98.5*70  of  the  fl -phenyltaurine  taken  was  recovered.  During  the  reaction  the  odor 
of  hydrogen  sulfide  was  not  detected,  and  no  precipitate  was  observed  on  passing  the  evolved  gases  into  lead 
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acetate  solution.  All  this  indicates  that  the  sulfo  group  of  the  aminosulfonic  acid  formed  in  the  course  of  the 
Leuckart  reaction  is  notaffected  under  the  reaction  conditions. 


Quantitative  yields  of  certain  6 -phenyltaurine  derivatives  (p-chloro-  and  p-bromo-fl-phenyltaurines)  were 
obtained  on  reaction  of  the  corresponding  fl -ketosulfonic  acids  with  a  mixture  of  urea  and  anhydrous  formic  acid. 
Data  on  the  taurines  obtained  are  given  in  Table  2. 

EXPERIMENTAL 

Aliphatic -aromatic  fl -ketosulfonic  acids.  The  original  aliphatic -aromatic  fl -ketosulfonic  acids  were  pre¬ 
pared  by  sulfonatlng  the  corresponding  substituted  acetophenones  with  sulfur  trioxide-dioxane  complex,  accord¬ 
ing  to  the  metliod  described  earlier  [2].  All  sulfonic  acids  were  identified  in  the  form  of  the  ammonium  and  S- 
benzylthiuronlum  salts  (see  Table  1).  Certain  sulfonic  acids  were  isolated  from  dichloroethane  solution  in  the 
free  state  after  sulfonation. 

Syntheses  of  Taurines 

Method  A.  Preparation  of  fl -phenyltaurine  by  the  reaction  of  ammonium  w-acetophenonesulfonate  with 
formamidc.  A  mixture  of  10.9  g  of  ammonium  (j-acetophenonesulfonate  and  9  g  of  formamide  was  heated  to 
185*  for  six  hours.  When  die  reaction  was  finished,  the  mixture  was  boiled  with  50  ml  of  hydrochloric  acid  (1:1). 
The  precipitate  formed  was  filtered  out  and  dried.  Yield  6.74  g  (67.2®7o). 

Method  B.  Preparation  of  fl -phenyltaurine  by  the  reaction  of  ammonium  w-acetophenonesulfonate  with  a 
mixture  of  ammonium  carbonate  and  formic  acid.  A  mixture  of  10,8  g  of  85%  formic  acid  and  5.5  g  of  ammonium 
carbonate  was  heated  in  a  Wurtz  flask  connected  to  a  descending  condenser.  To  the  homogeneous  mass  obtained, 
after  cooling  to  60-70",  10.9  g  of  ammonium  w-acetophenonesulfonate  was  added  The  mixture  was  heated  for 
six  hours  at  a  temperature  not  over  180-185*.  The  reaction  began  at  125-130“  and  was  particularly  vigorous  at 
165-170*.  The  evolution  of  hydrogen  sulfide  was  observed  (odor  and  the  appearance  of  a  dark  precipitate  on  pass¬ 
ing  the  evolved  gases  into  lead  acetate  solution).  When  the  reaction  was  finished,  the  mixture  was  hydrolyzed 
witli  hydrochloric  acid.  Yield  of  fl -phenyltaurine,  7.7  g  (76.6%).  M.p.  347-349“  (decomp.)  after  two  recrystal¬ 
lizations  from  hot  water. 

Method  C.  Preparation  of  fl -phenyltaurine  by  the  reaction  of  ammonium  cJ-acetophenonesulfonate  with  a 
mixture  of  urea  and  anhydrous  formic  acid.  A  mixture  of  6  g  of  urea  and  9.5  ml  of  anhydrous  formic  acid  was 
heated  in  a  round-bottomed  flask,  provided  with  a  reflux  condenser,  until  a  homogeneous  mass  was  formed,  after 
which  10.9  g  of  ammonium  oj-acetophenonesulfonate  was  added  to  the  flask,  and  the  mixture  was  heated  for  six 
hours  at  140-160"  (thermometer  in  the  mass).  After  hydrolysis  of  the  reaction  mixture  with  hydrochloric  acid  (1:1), 
5.5  g  of  6  -  phenyltaurine  was  obtained  (yield  55.0%). 

All  the  rest  of  the  aromatic  homologs  of  taurine  were  prepared  by  the  methods  described  above.  See  data 
on  them  in  Table  2. 

SUMMARY 

1,  Six  new  members  of  the  fl -ketosulfonic  acid  series  have  been  prepared  by  treatment  of  substimted  aceto¬ 
phenones  with  sulfur  trioxide-dioxane  complex, 

2.  The  fl -ketosulfonic  acids  obtained  have  been  converted  to  homologs  of  taurine  by  reductive  amination 
according  to  Leuckart. 
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STEREOCHEMICAL  INVESTIGATIONS 
V.  OPTICALLY  ACTIVE  6  -PHENYLTAURINE 

V.M.  Potapov,  A.P.  Terent’ev  and  V.M.  Dem’yanovich 
Moscow  State  University 


In  our  laboratory,  not  so  long  ago,  a  convenient  method  of  synthesis  of  homologs  of  taurine  from  ketones, 
by  successively  sulfonating  them  with  sulfur  triox  ide- diox  an  e  complex  and  reductively  aminating  according  to 
Leuckart,  was  developed  [1].  Taurine  homologs  of  the  type  Ar— CHNf^-CHj{S03H,  so  obtained,  have  an  asymmetric 
carbon  atom.  It  was  of  interest  to  attempt  to  jMrepare  them  in  an  optically  active  form.  Our  attempt  in  this  di¬ 
rection  showed  that  fl -phenyltaurine  actually  can  be  obtained  in  an  optically  active  form.  For  this  we  converted 
the  ammonium  salt  of  N -formyl- j5 -phenyltaurine  (I)  to  its  barium  salt  which,  on  reaction  with  (-)  a-phenylethyl- 
amine  sulfate  (II),  gave  diastereomeric  I  (-)  D  saltsj  by  recrystallization  of  the  latter  from  water,  one  of  the  di- 
astereomers  was  isolated,  and  this,  in  turn,  gave  optically  active  fl -phenyltaurine  on  decomposition. 


Gglls  L.(jH5  I 

I  n,ro  I 

CHNH  CHO  - - CIINU  •  CHO - ? 


CbHs 

I 

CHNH . CHO 


CH2SO3NH4 

(I) 

Salt 


I  Ha 

CH,SO,  • 


(4)I.(— )II  CHNH.  CHO 


ilCI 


CH2SO3H  .  (-) 

(ii) 

Cells  Cellg 

/lii'viii  NaOll 

CjHNH2  —  >  GHNII2 


[-.]“ -67.50 


CH2S03Na 

[4^0  _  83.1 » 


CH2S03H 


CH2S03Na 
[«]^  4 14.90 


It  should  be  noted  that  optically  active  fi  -phenyltaurine  substantially  differs  from  racemic  in  the  form  and 
properties  of  the  crystals.  The  racemate  crystallizes  in  the  form  of  white,  hexagonal  plates  melting  at  347-349*. 
The  solubility  of  the  racemate  in  water  is  very  low.  Optically  active  fl -phenyltaurine,  on  the  contrary,  is  readily 
soluble  in  hot  water  and  separates  out  on  cooling  In  the  form  of  white,  acicular  crystals  melting  at  317-320*. 


EXPERIMENTAL 

The  solution  of  fl-phenylethylamine  into  antipodes  was  carried  out  by  a  somewhat  modified  procedure  [2]. 
The  (-)  amine  was  isolated  in  this  procedure  by  treatment  with  D-tartaric  acid  in  methanol  solution.  From  the 
methanolic  filtrate  obtained  after  filtering  out  the  (-)  amine  D -tartrate,  the  optically  impure  (+)  amine  was  iso¬ 
lated;  it  was  dissolved  in  alcohol,  and  sufficient  sulfuric  acid  was  added  to  convert  the  excess  (+)  amine  to  the 
sulfate.  The  precipitated  (+)  amine  sulfate  was  filtered  out  and  purified  by  recrystallization  from  water.*  We 
determined  the  amine  content  of  the  filtrate,  containing  the  racemate,  by  titration  and  again  treated  it  with  D- 
tartarlc  acid,  thus  isolating  the  (+)  amine.  Thus,  we  succeeded  in  conducting  a  "cyclic  process,"  successively 
separating  the  (-)  and  (+)  amines. 

Barium  salt  of  N-formyl-fl -phenyltaurine.  The  ammonium  salt  of  N -formyl- fl -phenyltaurine,  which  was 
of  the  optically  pure  (+)  sulfate,  +5.7*  (water,  c  18). 


934 


prepared  from  acetophenone -w-sulfonic  acidafterLeuckhart[l]  was  heated  with  freshly  precipitated  barium  car¬ 
bonate  in  a  steam -distillation  apparatus  until  the  evolution  of  ammonia  ceased.  The  excess  carbonate  was  fil¬ 
tered  off  and  the  filtrate  evaporated  to  dryness.  The  substance  was  recrystallized  twice  from  water. 

Found  Ba  18.98,  18.64.  C^ioO^NSBaj/,.  Calculated  Ba  19.06. 

Resolution  of  B-phenyltaurine  into  antipodes.  A  solution  of  38  g  of  the  barium  salt  of  N-formyltaurine  and 
one  of  a-phenyletliylamine  sulfate,  prepared  by  neutralizing  9.7  g  of  the  free  amine  ([a]*®D  —40*)  With  2  N  sul¬ 
furic  acid  to  the  neutral  point  (metliyl  red  indicator),  were  mixed.  The  barium  sulfate  precipitate  was  filtered 
out  and  boiled  with  water.  The  combined  filtrates  were  evaporated  to  the  point  of  incipient  crystallization,  and 
the  precipitate  obtained  was  recrystallized  from  water  until  the  melting  point  and  value  of  specific  rotation  be¬ 
came  constant. 

Results  of  tlie  experiments  are  given  in  the  table. 


No.  of 
recrys  - 
talliza- 
tlon 

Weight 
of  pre¬ 
cipitate 
(in  g) 

Melting  point 

Weighed 
portion 
(in  g) 

Weight 
of  smu- 
tion 
(in^) 

a 

0 

16.2 

110—112",  1.3.5-138 

0.9.547 

8.33 

—2.72 

—23.7 

1 

8.87 

139-141 

0.9492 

8.23 

—6.73 

-58.2 

O 

4.91 

140—141 

0.9103 

8.75 

—6.69 

—65.1 

3 

2.83 

140—141 

0.9100 

7.91 

—7.72 

-67.5 

On  the  fourtli  recrystallization  [a]*®D  did  not  change. 

The  salt  (2.83  g)  obtained  after  tliree  recrystallizations  was  dissolved  in  water,  and  18  ml  of  NaOH  (0.4977  N) 
was  added  witli  cooling;  the  a-phenylethylamine  which  separated  out  was  extracted  with  ether.  The  specific  rota¬ 
tion  of  the  resulting  solution  of  the  sodium  salt  of  N -formyl- fl-phenyltaurine  amounted  to  -83.1*.  A  23 -ml 
quantity  of  concentrated  hydrochloric  acid  was  added  to  the  solution,  and  the  latter  was  evaporated  in  vacuo  at 
40-50*.  The  precipitate  formed  was  filtered  out  and  twice  recrystallized  from  hot  water.  M.p.  317-320*,  [a]*®D 
+29.1*  (water,  c  17).  'file  substance  gave  a  qualitative  reaction  for  sulfur  and  nitrogen;  according  to  the  data  of 
elementary  analysis,  it  was  fl -phenyltaurine. 

Found  *70:  0  47.61,47.54;  H  5.72,  5.65;  N  6.88,  6.81.  CjlInOiNS.  Calculated  *70:  C  47.72;  H  5,50; 

N  6.96. 

The  value  of  specific  rotation  of  6  -phenylta urine  varies  with  the  pH  of  the  medium.  In  lO^o  NaOH  solu¬ 
tion  [aj*®D  +14.9*.  Optically  active  6 -phenyltaurine  does  not  racemize  on  heating  with  alkalis.  A  solution  of 
0.3916  g  of  fl -phenyltaurine  in  10*70  alkali  was  heated  in  a  water  bath  for  ten  hours,  after  which  the  rotation  was 
measured:  [a]^®D  +14.9*. 


SUMMARY 

0 -Phenyltaurine  has  been  resolved  into  optical  antipodes  through  the  diastereomeric  salt  formed  by  Its 
formyl  derivative  with  (-)  a-phenylethylamine. 
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ON  THE  INHIBITING  EFFECT  OF  CERTAIN  POLYCYCLIC  AROMATIC 


COMPOUNDS  ON  THE  POLYMERIZATION  PROCESS 

G.P.  Belono vskaya ,  Zh.D.  Vasyutina  and  B.A.  Dolgoplosk 
Institute  of  High-Molecular  Compounds,  Academy  of  Sciences,  USSR 

The  ability  of  polycyclic  hydrocarbons  to  react  with  free  radicals  was  studied  in  a  series  of  investigations. 
Waters  and  his  co-workers  [1-3]  demonstrated  the  moderating  action  of  many  polycyclic  compounds,  mainly  of 
the  anthracene  series,  on  the  process  of  oxidation  of  benzaldehyde,  initiated  by  benzoyl  peroxide.  In  this  case, 
the  authors  were  unable  to  find  any  connection  between  the  inhibiting  effect  and  the  carcinogenic  activity  of 
the  hydrocarbons.  It  should  be  noted  that  in  biochemical  systems,  in  which  oxidation  processes  apparently  de¬ 
velop  with  the  participation  of  radicals  with  a  reaction  center  on  an  oxygen  atom  (HO*,  RO’,  etc.),  the  relation 
between  the  structure  of  the  hydrocarbon  and  its  inhibiting  action  may  be  entirely  different  in  character.  In  the 
case  of  radicals  of  the  type  AO”,  the  primary  reaction  tends  mainly  toward  removal  of  a  hydrogen  atom  from  the 
hydrocarbon  (formation  of  AOH);  in  the  case  of  all^l  radicals,  it  tends  mainly  toward  their  addition  to  the  inhibitor. 

KooIJman  and  Farenhorst  [4]  studied  the  moderating  action  of  polycyclic  hydrocarbons  in  the  processes  of 
addition  of  CCI4  to  hexadecene-1  and  CBrCls  to  styrene,  which  are  initiated  by  benzoyl  peroxide,  and  arranged 
them  in  the  order  of  increasing  effectiveness  of  inhibiting  action,  as  follows:  benzene,  biphenyl,  anthracene, 
phenanthrene,  naphthalene,  chrysene,  stilbene,  pyrene,  benzanthracene,  dibenzanthracene,  etc,;  in  this  case,  it 
is  stated  that  3, 4 -benzopyrene  is  100,000  times  as  active  as  benzene. 

Bickel  and  Kooijman  [5]  established  that  the  2-cyanolsopropyl  (R)  adds  to  anthracene  (A)  in  the  9  or  10 
position,  forming  the  radical  RA’  With  free  valences  in  the  meso -position.  The  products  RAAR  and  RAR  are 
formed  as  a  result  of  recombination  reactions.  The  work  by  Beckwith  and  Waters  [6]  is  devoted  to  the  interaction 
of  polycyclic  aromatic  hydrocarbons  with  the  radical  CH3’,  which  is  formed  along  with  an  alkoxy  radical  in  the 
thermal  decomposition  of  dl-tert-butyl  peroxide.  The  authors  isolated  the  products  formed  in  the  interaction  of 
anthracene  with  the  CH3’  radical  and  studied  them  in  detail.  The  inhibiting  action  of  polycyclic  compounds  in 
the  process  of  thermal  polymerization  of  styrene  was  studied  in  the  work  by  Magat  and  Boneme  [7].  The  authors 
carried  out  the  thermal  polymerization  of  styrene  for  200  hours  at  37“.  The  action  of  benzopyrene,  methylchol- 
anthrene,  1,2,5,6-dibenzanthracene,  2-inethylanthracene,  phenanthrene,  pyrene,  and  chrysene,  i.e.,  substances 
having  carcinogenic  activity  and  lacking  it,  was  investigated.  It  was  shown  that  all  the  substances  investigated 
inhibit  the  thermal  polymerization  of  styrene  regardless  of  their  carcinogenic  activity. 

In  the  present  article  we  give  data  on  the  ability  of  certain  polycyclic  compounds  to  react  with  the  CH3' 
radical,  formed  in  the  thermal  decomposition  of  methylphenyltriazene,  and  the  effect  of  these  same  compounds 
on  the  thermal  polymerization  of  styrene  at  100*. 

EXPERIMENTAL 

1.  Interaction  of  Polycyclic  Hydrocarbons  with  the  Methyl  Radical 

As  a  source  of  free  methyl  radicals,  we  used  methylphenyltriazene,  which  thermally  decomposes  according 
to  the  equation 


CeHB-N  =  N-NHGIl3->GeH5NH  ‘-f  Na+CHa  *. 
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The  methyl  radical  takes  hydrogen  from  the  solvent  to  form  methane,  the  yield  of  which  amounts  to  55-60^ 
of  the  theoretical  in  saturated  hydrocarbons  [8].  In  the  case  of  the  decomposition  of  methylphenyltrlazene  in  the 
presence  of  quinones  and  various  aromatic  compounds,  the  latter  are  alkylated  by  the  methyl  radicalt  this  is  ac¬ 
companied  by  a  corresponding  decrease  in  the  yield  of  methane.  In  the  given  case  the  concurrent  reactions  are 


CH4-f-  A- 


CH3lh  (radical  of  low  activity) 

In  work  with  the  same  solvent  the  activity  of  one  compound  or  another,  with  respect  to  the  methyl  radical, 
may  be  characterized  by  the  amount  of  methane. 

The  decomposition  of  methylphenyltrlazene  was  carried  out  at  110*  in  solution  in  dry,  purified  benzine 
which  had  been  distilled  through  an  efficient  column  in  the  temperature  interval  90-110*.  The  data  obtained 
are  given  in  the  table. 


Effect  of  Polycyclic  Hydrocarbons  on  the  Yield  of  Methane  In  the  Decomposition  of  Methylphenyltrlazene 


In  the  absence  of  inhibitor 
Biphenyl 

Naphthalene 


Concentration 
(in  wt.  ^o) 


methylphenyl¬ 
trlazene 
in  solution 


inhibitor 
in  solution 


Molar  ratio, 
methylphenyltri  - 
azene :  inhibitor 


Yield  of 
methane* 
(in  %) 


Phenanthrene 


Antliracene 

Pyrene 

Chrysene 

Nitrobenzene 

Dinitrobenzene 


1  :  1 
1  :  2.5 
1  :  2.5 
1  :  2.5 
1  ;  2.5 
1  :  2.5 


Benzoqulnone 


•The  listed  figures  are  averages  from  two  experiments. 


It  follows  from  the  listed  data  tliat,  under  the  conditions  of  the  experiment,  biphenyl  was  only  feebly  ac¬ 
tive  with  respect  to  the  methyl  radical.  Even  when  the  molar  ratio  of  biphenyl  to  methylphenyltrlazene  was  15:1, 
the  yield  of  methane  was  practically  unchanged.  Naphthalene  and  phenanthrene, at  the  same  concentration,  sub¬ 
stantially  decreased  the  yield  of  methane.  Thus,  for  a  naphthalene  content  of  10  and  15  moles  per  mole. of 
methylphenyltrlazene,  the  yield  of  methane  fell  from  62  to  51  and  46*70,  respectively  A  similar  picmre  was  ob¬ 
served  for  phenanthrene.  Owing  to  their  limited  solubility  in  benzine,  experiments  with  chrysene  and  pyrene  were 
conducted  only  at  a  ratio  of  2.5  moles  per  mole  of  methylphenyltrlazene.  The  extremely  low  solubility  of  di¬ 
benzopyrene  did  not  permit  evaluation  of  its  activity  relative  to  the  other  polycyclic  compounds.  The  most  active 


937 


of  the  hydrocarbons, with  respect  to  the  methyl  radical,  was  anthracene;  however,  its  low  solubility  in  benzene  re¬ 
stricted  die  possibility  of  studying  the  dependence  of  the  yield  of  methane  on  the  anthracene  concentration.  When 
the  anthracene  content  was  2.5  moles  per  mole  of  methylphenyltriazene,  the  yield  of  methane  fell  to  half. 

On  evaluating  the  ability  of  anthracene  to  "capture*  methyl  radicals,  it  should  be  noted  that  under  the 
studied  conditions  it  occupies  an  Intermediate  position  between  nitrobenzene  and  dinitrobenzene,  which  are 
known  to  be  relatively  weak  Inhibitors  of  radical  chain  processes.  Under  similar  conditions,  benzoquinone  prac¬ 
tically  completely  suppresses  the  evolution  of  methane. 

2.  Inhibiting  Action  of  Polycyclic  Hydrocarbons  on  the  Thermal  Polymerization  of 
Styrene 

Since  benzyl  radicals  are  much  less  reactive  than  methyl,  it  could  be  expected  that,  in  the  thermal  poly¬ 
merization  of  styrene,  only  the  most  active  inhibitors  would  manifest  a  moderating  effect. 


0  12  3  4  5  6  7  6  9  10 

Time  (hours) 


Inhibiting  effect  of  polycyclic  aromatic  compounds  on  the  tiiermal  poly¬ 
merization  of  styrene  at  100*;  1)  thermal  polymerization,  without  in¬ 
hibitor;  2)  biphenyl  (1  mol  3)  naphthalene  (1  mol  ‘^o);  4)  phenan- 
threne(lmol  %)•,  5)  pyrene  (1  mol  *7o);  6)  chrysene  (1  mol  '’]o)\  7)  an¬ 
thracene  (1  mol  *7o);  8)  anthracene  (1.5  mol  ^o);  9)  dibenzopyrene 
(0.5  mol.  °}oy,  10)  dinitrobenzene  (0.5  mol.  *70). 

In  the  study  of  the  influence  of  polycyclic  compounds  on  the  thermal  polymerization  of  styrene  at  100*  It 
was  shown  tliat  naphthalene,  phenanthrene,  pyrene,  and  chrysene,  in  concentrations  up  to  1  mol  °Jo,  with  respect 
to  styrene,  have  practically  no  effect  on  the  kinetics  of  the  process.  Anthracene  has  an  appreciable  moderating 
effect  in  concentrations  of  1  mol  °}o  or  more  (see  figure,  7,  8).  When  the  anthracene  concentration  was  1.5  mol 
with  respect  to  styrene,  the  rate  of  the  process  was  decreased  to  about  half;  however,  its  inhibiting  effect  was  ap¬ 
preciably  less  tlian  that  of  dibenzopyrene  which,  like  anthracene,  has  two  carbon  atoms  in  the  meso -position.  The 
inhibiting  effect  of  dibenzopyrene  is  approximately  equal  to  that  of  dinitrobenzene  at  the  same  concentration 
(see  figure,  9,  10).  Here  it  should  be  noted  also  that  both  antiuacene  and  dibenzopyrene  merely  decrease  the  rate 
of  polymerization  of  styrene  more  or  less;  they  do  not  cause  an  induction  period  to  appear.  This  also  puts  them 
into  a  group  with  sudi  relatively  weak  inhibitors  as  nitro-  and  dinitrobenzene. 

The  inhibiting  action  of  anthracene  in  polymerization  is  accompanied  by  a  corresponding  decrease  in  the 
molecular  wei^t  of  the  polystyrene. 


Experimental  procedure.  The  decomposition  of  methylphenyltriazene  was  canied  out  in  an  ampoule  pro¬ 
vided  with  a  reflux  condenser.  Into  the  ampoule  were  put  a  weighed  portion  of  methylphenyltriazene  (~0.2  g) 
and  the  calculated  quantity  of  the  hydrocarbon  being  investigated.  The  air  was  pumped  out  of  the  system,  after 
which  tlie  ampoule  was  filled  with  purified  nitrogen.  This  operation  was  repeated  three  times,  and  benzine  (10  ml) 
was  then  added  to  the  ampoule  In  a  current  of  nitrogen.  The  ampoule  was  connected  through  the  reflux  conden¬ 
ser  to  a  gas  buret  and  placed  in  a  thermostat  at  a  temperature  of  110±0.5*.  After  gas  evolution  ceased,  the  am¬ 
poule  was  flushed  out,  at  the  temperature  of  the  experiment,  with  carbon  dioxide  through  a  stopcock  in  order  to 
expel  the  evolved  gas.  The  gas  was  analyzed  for  methane  by  the  usual  method. 

The  thermal  polymerization  of  styrene  was  carried  out  at  a  temperature  of  99±0.5*  in  ampoules  with  grad¬ 
uated  nrcks,  which  were  filled  with  styrene  in  a  special  apparatus  under  conditions  which  excluded  the  entrance 
of  traces  of  air  into  the  system  [9).  The  polymerization  kinetics  were  determined  dilatometrically. 

SUMMARY 

1.  Data,  characterizing  the  relative  activity  of  various  polycyclic,  aromatic  hydrocarbons  with  respect  to 
the  methyl  radical,  have  been  obtained. 

2.  Of  the  hydrocarbons  investigated,  the  most  effective  inhibitor  of  the  thermal  polymerization  of  styrene 
Is  dlbenzopyrene. 


LITERATURE  CITED 

[1]  J.R.  Dunn  and  W.A.  Waters,  J.  Chem.  Soc.  1953,  2993. 

[2]  J.R.  Dunn  and  W.A.  Waters,  J.  Chem.  Soc.  1954,  581. 

[3]  A.H.  Turner  and  W.A.  Waters.  J.  Chem.  Soc.  1956,  879. 

[4]  E.C.  Kooymann  and  E.  Farenhorst,  Trans.  Faraday  Soc.  49,  58  (1953). 

[5]  A.F.  Bickeland  E.C.  Kooijman,  Rec.  trav.  Chim.  71,  1137  (1952). 

[6]  A.J.  Beckwltli  and  W.A.  Waters,  J.  Chem.  Soc.  1956,  1108. 

[7]  M.M.  Magat  and  R.  Boneme,  Compt.  rend.  232,  14,  1657  (1951);  Disc.  Faraday  Soc.  10,  226  (1951). 

[8]  B.A.  Dolgoplosk,  B.L.  Erusalimskii,  V.A.  KroT  andL.M.  Romanov,  J.  Gen.  Chem.  24,  1775  (1954), • 

[9]  B.A.  Dolgoplosk  and  D.Sh.  Korotkina,  J.  Gen.  Chem.  27,  2226  (1957).* 


Received  January  16,  1958 


♦Original  Russian  pagination.  See  C.B.  translation. 


939 


SULFONATION  OF  fl-DIKETONES 

IV.  5,5-DIMETHYL-1.3-CYCLOHEXANEDIONE-2-SULFONIC  ACID  AND  ITS  SALTS 

E.Yu.  Gu  dr  ini  etse ,  A.F.  levin’sh  and  G.Ya.  Vanag 
Latvian  State  University 


Earlier  [1,2]  it  was  shown  that  6 -diketones  are  easily  sulfonated  by  sulfur  trioxide -dioxane  complex  (D-SO|). 
The  sulfonation  goes  Just  as  smoothly  with  sulfuric  acid  in  the  presence  of  acetic  anhydride.  We  succeeded 
in  sulfonating  a  number  of  compounds  by  this  method  [3,4].  Leaving  the  theory  of  the  process  itself,  which  will 
be  set  fortfi  elsewhere,  for  the  present,  here  we  shall  discuss  the  salts  of  5,5-dimethyl-l,3-cyclohexanedione-2- 
sulfonic  acid  (dimedonsulfonic  acid)  in  more  detail.  We  obtained  both  the  acid  itself  and  two  series  of  its  salts: 
with  one  equivalent  of  metal  (I)  and  with  two  equivalents  of  metal  (II). 


H3C  CH3 

H3C  CH3 

x/ 

c 

C 

HaC/^.CIla 

ILiC./^CHa 

oc.^  to  j 
dllSOgMo 

00.  JcOMe 

(I) 

(H) 

Dimedonsulfonic  acid  is  a  colorless,  crystalline  substance  [5],  less  hygroscopic  than  indandionesulfonic 
acid  [2].  It  is  readily  soluble  in  water,  alcohol,  dioxane,  and  acetone  and  insoluble  in  ether,  benzene,  chloro¬ 
form,  dichloroethane,  and  carbon  tetrachloride.  On  heating  with  hydrochloric  acid  it  hydrolyzes,  forming  dimedon. 

The  ammonium,  sodium,  potassium,  magnesium,  calcium,  strontium,  barium,  nickel,  and  cobalt  salts  con¬ 
taining  one  equivalent  of  the  metal  were  prepared  by  saturating  an  aqueous  solution  of  dimedonsulfonic  acid  with 
the  conesponding  chloride.  The  silver  salt  was  prepared  by  metathesis  between  concentrated  solutions  of  sodium 
dimedonsulfonate  and  silver  nitrate  or  by  samrating  a  solution  of  the  acid  with  silver  nitrate.  The  cadmium  salt 
was  prepared  by  dissolving  cadmium  carbonate  in  the  sulfonic  acid.  All  the  enumerated  salts, except  those  of 
nickel  and  cobalt, are  colorless,  crystalline  substances,  soluble  in  water.  Their  solubility  in  ethanol  is  far  less, 
although  the  calcium,  strontium,  barium,  cadmium,  nickel,  and  cobalt  salts  have  relatively  high  solubility  even 
in  alcohol.  Aqueous  solutions  of  salts  with  one  equivalent  of  the  metal  have  an  acid  reaction. 

The  dimedonsulfonates  of  organic  bases  are  easily  prepared  by  adding  these  bases  to  a  solution  of  the  sul¬ 
fonic  acid.  The  aniline,  pyridine  and  quinoline  salts,  which  we  prepared,  are  colorless,  crystalline  substances, 
readily  soluble  in  water. 

Dimedonsulfonic  acid  readily  forms  salts  of  the  enol  form  (II)  also.  They  are  usually  prepared  by  neutral¬ 
izing  an  aqueous  solution  of  the  sulfonic  acid  (or  the  monosalt)  with  carbonates  or  hydroxides  until  a  weakly  acid 
(pH  6)  or  neutral  reaction  is  obtained.  Salts  of  alkaU  and  alkaline -earth  metals,  as  well  as  copper,  zinc,  and 
manganese  salts,  are  soluble  in  water.  Their  aqueous  solutions  have  an  alkaline  or  neutral  reaction,  depending 
on  the  properties  of  the  cation.  Dimedonsulfonates  with  two  equivalents  of  the  metal  are  insoluble  in  etlianol. 

The  ammonium  salt  of  the  enol  form  could  not  be  prepared.  Of  the  organic  bases,  a  salt  of  the  enol  form  could 
be  obtained  only  with  piperidine. 
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Salts  of  5,5-Diinethyl-l,3-cyclohexanedione-2-sulfonic  Acid 
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metal,  the  mass,  after  sulfonation,  was  washed  twice  with  water  (about  20  ml)  in  a  separatory  funnel  and  salted 
out  from  the  aqueous  solution  obtained,  with  the  corresponding  chloride.  If  any  free  sulfonic  acid  remained,  it 
was  dissolved  in  a  little  water  and  salted  out  with  the  chloride.  The  precipitates  were  recrystalUzed  from  dilute 
ethanol. 

To  prepare  salts  of  the  enol  form,  an  aqueous  solution  of  the  sulfonic  acid  (or  a  monosalt)  was  neutralized 
with  a  carbonate  or  hydroxide  These  salts  (except  the  lead)  are  relatively  highly  soluble  in  water  and  insoluble 
in  alcohol.  After  recrystallization  the  lead  salt  was  dissolved  in  dilute  nitric  acid,  from  which  it  was  again  pre¬ 
cipitated  on  neutralizing  the  solution  with  ammonia.  The  enol  salts  of  lithium,  potassium,  copper,  and  zinc, 
owing  to  their  great  solubility  In  water,  crystallized  only  when  the  aqueous  solutions  were  evaporated  to  a  high 
concentration  and  sufficient  alcohol  was  added.  The  pyridine  and  quinoline  salts  were  crystallized  from  ether- 
alcohol  solutions.  The  S-benzylthiuronium  salt  was  prepared  from  sodium  dimedonsulfonate  and  benzylthiuronium 
chloride  in  alcoholic  solution. 

The  dimedonsulfonates  prepared  by  us  are  given  in  the  table. 

SUMMARY 

1.  5,5-DImethyl-l,3-cyclohexanedione  was  sulfonated  with  sulfuric  acid  in  the  presence  of  acetic  anhy¬ 
dride  or  with  sulfur  trioxide-dioxane  complex  to  give  dlmedonsulfonic  acid,  which  is  easily  enolized. 

2.  It  has  been  found  that  either  the  sulfo  group  alone  or  the  sulfo  group  together  with  the  enol  can  take  part 
in  the  formation  of  dlmedonsulfonic  acid  salts.  A  number  of  salts  of  both  types  have  been  prepared. 

3.  Dlmedonsulfonic  acid  may  be  characterized  by  means  of  its  S-benzylthiuronium  salt. 
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a  -HALOACROLEINS 

T.V.  Protopopova  and  A.P.  Skoldinov 

Institute  of  Pharmacology  and  Chemotherapy,  Academy  of  Medical  Sciences 


In  the  process  of  Investigations  of  functional  derivatives  of  malondialdehyde  and  their  use  in  synthesis,  we 
prepared  8,6 -dihalopropionaldehydes  CHX2~CH2— CHO  (I,  X  =  Cl  or  Br).  It  was  also  shown  that  the  semicarba- 
zones  and  arylhydrazones  of  these  aldehydes  are  easily  converted  to  the  correspt^ndlng  6 -haloacrolein  derivatives 
witli  loss  of  hydrogen  halide  [1].  Somewhat  earlier  V.T.  Klimko,  V.A.  Mlklialev  and  one  of  us  established  that 
alkyl  and,  correspondingly,  aryl  8 -chlorovinyl  ketones  may  be  obtained  by  treatment  of  8,8-dIchloroethyl  ketones 
with  basic  agents  under  mild  conditions  [2]. 

Proceeding  from  these  data,  we  attempted  to  convert  8,8 -dihalopropionaldehydes  (I)  to  the  corresponding 
8 -haloacroleins  CIIX  —  CH— CH  =  0  (II,  where  X  =  Cl  or  Br),  which  are  of  substantial  Interest  for  purposes  of  syn¬ 
thesis.  8  -Haloacroleins  may  be  regarded  as  vinylogs  of  the  hypothetical  formyl  halides,  and  are  also  the  simp¬ 
lest  analogs  of  alkyl  8 -chlorovinyl  ketones  —  a  class  of  compounds,  which,  as  the  investigations  of  A.N.  Nesmeya- 
nov  and  N.K.  Kochetkov  showed,  opens  up  broad  possibilities  for  the  synthesis  of  aliphatic,  alicyclic  and  hetero¬ 
cyclic  compounds  [3]. 

After  the  present  investigation  was  completed,  Italian  works  were  published,  which  described  the  prepara¬ 
tion  of  crude  8  -chloroacrolein  through  the  oxidation  of  8  -chloroallyl  alcohol  by  manganese  dioxide  [4]  and  its 
reactions  with  hydroxylamine  and  hydrazine  [5].  However,  as  the  authors  of  these  papers  state,  they  were  unable, 
owing  to  the  extreme  instability  of  8 -chloroacrolein,  to  prepare  the  substance  in  a  pure  state  or  to  determine  its 
physicochemical  constants. 

We  found  that  treatment  of  8,8 -dihalopropionaldehydes  (I)  with  aqueous  sodium  carbonate  solution  leads 
to  the  formation  of  the  corresponding  8 -haloacrolein  (II),  which  may  be  extracted  from  the  aqueous  solution  with 
methylene  chloride  and,  after  removal  of  the  latter,  isolated  in  a  pure  state  by  fractionation  in  vacuo  In  a  current 
of  nitrogen.  8 -Haloacroleins  are  colorless  liquids  which  quickly  turn  yellow  on  standing  and  very  strongly  irri¬ 
tate  the  mucous  membranes  of  the  eyes  and  nose;  on  keeping  in  the  light  at  room  temperature  they  quickly  de¬ 
compose  with  evolution  of  hydrogen  halide;  they  are  more  stable  when  kept  in  the  cold  in  the  presence  of  traces 
of  hydroquinone  or  in  the  form  of  solutions  in  an  inert  organic  solvent.  * 

Of  the  many  interesting  chemical  properties  of  8  -haloacroleins.  we  shall  deal  only  with  their  reactions 
with  typical  aldehyde -group  reagents  in  the  present  article.  As  should  have  been  expected,  8 -haloacroleins, 
which  may  be  regarded  as  functional  derivatives  of  malondialdehyde  (monohalo  derivatives  of  the  enol  form  of 
the  latter),  repeat  the  reactions,  described  by  us  earlier,  of  1,1,3,3-tetraalkoxypropanes  [6]  and  derivatives  of 
8,8 -dihalopropionaldehydes  [7,  8];  i.e.,  widi  semicarbazide  or  hydrazine  they  readily  form  pyrazole  as  the  final 
reaction  product;  with  arylhydrazines  they  form  l-arylp)nrazoles  as  final  products;  with  hydroxylamine,  isoxazole; 
with  guanidine,  2-aminopyrimldine,  etc.  The  reaction  goes  throu^  a  stage  of  intermediate  formation  of  alde¬ 
hyde-group  derivatives,  of  which  the  8 -haloacrolein  semicarba zones  and  arylhydrazones  were  isolated  and  char¬ 
acterized;  on  treatment  with  acids  they  were  cyclized  to  the  corresponding  heterocycles.  Although  the  oximes 

•According  to  the  data  of  the  Italian  authors  [4],  8 -chloroacrolein  may  be  kept  for  some  time  in  the  form  of  a 
solution  in  anhydrous  alcohol;  according  to  the  data  of  our  investigations  (the  results  of  which  will  be  set  forth 
In  detail  in  another  paper),  8 -chloroacrolein  quickly  and  violently  reacts  with  methanol,  1,1,3,3-tetramethoxy- 
propane  being  formed  along  with  other  products. 
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and  hydrazones  of  aldehydes  (II)  could  not  be  isolated,  they  are  probably  also  intermediate  reaction  products. 

In  tlie  case  of  the  preparation  of  pyrazole  the  reaction  sequence  proposed  earlier  for  the  preparation  of  heterocy¬ 
clic  compounds  from  derivatives  of  fl.fl-dihalopropionaldehydes  may  be  considered  established,  since  we  isolated 
the  semi carba zones  of  the  latter  and  demonstrated  the  possibility  of  their  easy  conversion  to  fl -haloacrolein  semi- 
carbazones  [1,  8]. 


Y 

CUXaClIzCll/^  _Nn.NiicON^  CHX2Cll2CH=NNUCONH2-->- 

— ►  CllXr=CH— CH=NNHCONIl2  ||  jj, 

\  / 

NH 

where;  X  =  Cl  or  Br,  Y  =  OAc,  OAlk  or  0/2,  Z  =  Cl,  Br  or  0/2. 

On  oxidation  of  fl-haloacroleins  with  silver  oxide,  trans-fl -haloacryllc  acids  were  obtained. 

EXPERIMENTAL 

fl -Chloroacrolein.  A  mixture  of  13.1  g  of  l,l,3-trichloro-3-methoxypropane  [7]  and  100  ml  of  water  was 
shaken  for  tluee  hours,  the  aqueous  solution  was  separated  from  the  small  (less  than  1  ml)  oil  layer,  10  g  of  an¬ 
hydrous  sodium  carbonate  was  gradually  added  to  the  solution,  and  the  latter  was  heated  for  ten  minutes  at  a 
bath  temperature  of  35-40®,  saturated  with  sodium  chloride,  and  subjected  to  repeated  extraction  with  methylene 
chloride.  A  little  hydroquinone  was  added  to  the  extracts  as  stabilizer,  and  they  were  dried  with  sodium  sulfate; 
the  metliylene  chloride  was  evaporated  in  vacuo  at  room  temperature,  and  the  residue  was  fractionated  in  a  cur¬ 
rent  of  nitrogen.  There  was  obtained  2.1  g  (31*5^)  of  a  fraction  with  b.p.  42-47.5*  (60  mm),  n*®D  1.4820.  The 
substance  was  redistilled  for  analysis. 

B.p.  42-43.5*  (60  mm),  n*®D  1.4810,  1.1921,  MRp  20.10;  calc.  20.45. 

Found ‘7o;  Cl  38.98,  39.05.  CjiI,OCi.  Calculated‘S:  Cl  39.18. 

fl -Chloroacrolein  is  a  coLirless  liquid  witli  a  very  sharp  odor,  which  strongly  irritates  the  mucous  mem¬ 
branes  of  the  eyes  and  nose  and  is  slightly  soluble  In  water  and  readily  soluble  in  ether,  benzene,  and  chloroform. 
It  is  unstable,  and  it  quickly  changes  if  It  is  kept  at  room  temperature;  however,  it  keeps  for  several  days  in  the 
cold  in  the  presence  of  hydroquinone  and  is  even  more  stable  in  the  form  of  a  solution  in  an  inert  organic  solvent. 

Reaction  of  fl -chloroacrolein  with  semicarbazide.  The  semicarbazone  was  prepared  by  mixing  the  com¬ 
ponents  in  a  water-alcohol  medium.  M.p.  133-134*  (decomp.)  (from  aqueous  alcohol);  it  corresponds  in  its  prop- 
•  ertles  to  the  substance  obtained  earlier  by  conversion  of  fl,fl-dichloropropionaldehyde  semicarbazone  [1]. 

Found ‘7o:  Cl  23.98,  23.91;  N  28.13,  28.24.  C4H60N,C1.  Calculated  *70:  Cl  24.02;  N  28.34. 

Pyrazole.  A  mixture  of  0.3  g  of  fl  -chloroacrolein  semicarbazone  and  3  ml  of  20‘7o  hydrochloride  acid  solu¬ 
tion  was  boiled  for  one  hour,  cooled,  made  alkaline  with  25°Jo  sodium  hydroxide  solution,  and  extracted  several 
times  witli  ether.  The  ether  extracts  were  shaken  with  charcoal  and  dried  with  potash;  after  evaporation  of  the 
ether  there  was  obtained  0.07  g  of  pyrazole  with  m.p.  65.5-66.5*,  which  gave  no  melting  point  depression  when 
mixed  witli  a  sample  obtained  by  another  method  [6].* 

Reaction  of  fl -chloroacrolein  with  hydrazine.  To  an  emulsion  of  0.5  g  of  fl -chloroacrolein  in  5  ml  of  water 
was  added  a  solution  of  0.5  g  of  hydrazine  hydrate  in  2  ml  of  50‘7o  alcohol;  almost  at  once  a  pasty,  reddish  pre¬ 
cipitate  formed,  which,  when  the  mixture  had  stood  for  30  hours  at  room  temperature,  was  completely  dissolved. 
The  light-yellow  solution  was  made  alkaline  and  extracted  several  times  with  ether.  The  ether  extract  was 
treated  with  charcoal  and  dried  with  potash,  and  the  ether  was  evaporated;  the  residue  crystallized  completely; 
weight,  0.3  g:  m.p.  65-66*;  it  showed  no  melting  point  depression  when  mixed  with  a  sample  of  pyrazole  pre¬ 
pared  by  tlie  method  described  above. 

Reaction  of  fl -chloroacrolein  with  p-nitrophenylhydrazine.  The  p-nltrophenylhydrazone  was  obtained  by 


•The  same  results  were  obtained  when  the  semicarbazone  was  treated  with  a  25*7©  acetic  acid  solution  for  3  hours. 


946 


mixing  the  components  in  an  aqueous  medium.  On  determination  of  the  melting  point  after  recrystallization 
from  aqueous  alcohol,  the  substance  began  to  decompose  at  100-103*  and  melted  wltii  decomposition  at  154*. 

Found  “yo:  N  18.38,  18.31.  CjIlgO^NjCl.  Calculated ‘7t.;  N  18.63. 

l-(p-Nitroplienyl)-pyrazole.  A  mixture  of  0.3  g  of  the  p-nltrophenylhydrazone,  12  ml  of  alcohol,  and  6  ml 
of  dilute  hydrochloric  acid  (1:1)  was  boiled  for  two  hours,  the  clear  solution  was  treated  with  activated  charcoal, 
and  tlie  crystals  which  separated  were  filtered  out.  There  was  obtained  0.15  g  of  l-(p-nltrophenyl)-pyrazole, 
m.p.  169-170",  According  to  literature  data  [9],  l-(p-nltrophenyl)-pyrazole  has  m.p.  169.5-170*. 

Reaction  of  0-chloroacr olein  with  2,4-dinitrophenylhydrazine,  The  2,4-dinltrophenylhydrazone  was  ob¬ 
tained  in  an  alcoholic  medium  on  addition  of  concentrated  hydrochloric  acid.  Golden  needles  with  m.p.  187-188* 
(decomp.)  (from  alcohol). 

Found  <70:  Cl  13.11,13.14;  N  20.41,  20.46.  C9H7O4N4CI.  Calculated Cl  13.10;  N  20.74. 

1  -(2*,4*  -Dinitrophenyl)-pyrazole.  A  mixture  of  0.  Ig of  the  2,4-dinltrophenylhydrazone,  10  ml  of  ethyl  al¬ 
cohol,  and  0.5  ml  of  concentrated  hydrochloric  acid  was  boiled  for  one-half  hour;  the  light-yellow  solution  ob¬ 
tained  was  poured  into  five  times  its  volume  of  water.  After  standing  overnight,  the  well-formed  crystals  were 
filtered  out;  m.p.  107.5-108®,  weight  0.05  g.  After  recrystallization  from  aqueous  alcohol  (with  charcoal),  color¬ 
less  crystals  with  m.p.  108-108.5*  were  obtained.  According  to  literature  data  [10],  l-(2’,4*-dinitrophenyl)-pyra- 
zole  has  m.p.  107-109*. 

Reaction  of  B  -chloroacrolein  witli  hydroxylamine.  To  an  emulsion  of  1  g  of  fl  -chloroacrolein  and  5  ml  of 
water  was  added  a  solution  of  0.7  g  of  hydroxylamine  hydrochloride  in  8  ml  of  water.  The  mixture  obtained  was 
left  for  30  hours  at  room  temperature,  after  which  it  was  shaken  with  charcoal  and  the  clarified  solution  mixed 
with  saturated  cadmium  chloride  solution.  The  double  salt  of  Isoxazole  and  cadmium  chloride,  which  precipi¬ 
tated  in  the  amount  of  1.6  g  (60^o),  was  decomposed  for  analysis  by  boiling  with  water,  and  saturated  cadmium 
chloride  solution  was  added  to  the  distillate.  There  was  obtained  1.3  g  of  the  double  salt. 

Found 'Vo;  N  5.55,  5.53.  CjUjON  •  CdClg.  Calculated  ^o;  N  5.54. 

Reaction  of  B  -chloroacrolein  with  guanidine.  To  a  solution  of  1  g  of  guanidine  hydrochloride  in  7  ml  of 
40*70  ethyl  alcohol  and  2  ml  of  concentrated  hydrochloric  acid,  0.9  g  of  6  -chloroacrolein  was  added  dropwise  with 
stirring.  The  mixtiue  was  left  for  24  hours  and  then  evaporated  to  a  small  volume,  an  excess  of  40*70  sodium  hy¬ 
droxide  solution  was  added,  and  the  mass  obtained  was  dried  over  phosphorus  pentoxide  and  extracted  with  hot 
benzene.  After  evaporation  of  the  benzene  there  was  obtained  0.75  g  (80*7°)  of  2-amlnopyrimidlne  which  gave 
no  melting  point  depression  with  a  sample  prepared  in  another  way  [6]. 

Oxidation  of  fl -chloroacrolein  to  trans-fl-chloroacryUc  acid.  To  a  solution  of  6  g  of  silver  nitrate  in 
120  ml  of  water  was  added  10  g  of  25*7o  sodium  hydroxide  solution,  and  the  precipitated  silver  oxide  was  almost 
completely  dissolved  in  aqueous  ammonia  solution  To  the  suspension  obtained,  a  solution  of  0.5  g  of  fl -chloro¬ 
acrolein  in  20  ml  of  water  was  gradually  added.  A  silver  mirror  formed  almost  at  once.  When  the  mixture  had 
stood  for  three  days  at  room  temperature,  the  precipitate  was  filtered  off,  the  filtrate  was  evaporated  to  a  small 
volume,  acidified  witli  hydrochloric  acid,  and  extracted  with  ether,  and  the  ether  extracts  were  dried  with  anhy¬ 
drous  sodium  sulfate.  After  evaporation  of  the  ether  the  residue  crystallized  completely.  There  was  obtained 
0.45  g  of  trans-fl -chloroacrylic  acid  which,  after  two  recrystallizations  from  petroleum  ether  (b.p.  35-55*),  had 
m.p.  83.5-84.5*.  According  to  literature  data  [11],  trans-fl -chloroacrylic  acid  has  m.p.  85*. 

fl  -Bromoacrolein.  This  was  prepared,  similarly  to  fl -chloroacrolein  (see  above),  from  12.05  g  of  1,1-dI- 
bromo-3-chloro -3 -methoxy propane  [7].  Yield  1.8  g  (30*7o). 

B.p.  52-54*  (34.5-35  mm),  n*®D  1.5440,  1.7360,  MRp  24.40;  calc.  23.43. 

Found  *70:  Br  59.62,  59.55.  CjHjOBr.  Calculated  *70:  Br  59.21. 

Semicarbazone;  m.p.  138.5-139*  (decomp.)  (from  aqueous  alcohol).* 

♦Let  us  use  this  case  to  correct  an  error  made  in  our  earlier  work  [8],  where  the  substance  with  m.p.  135-137* 
(decomp.),  obtained  by  heating  fl,fl -dibromopropionaldehyde  semicarbazone  in  sodium  acetate  solution,  was 
identified  as  the  amide  of  pyrazole-1 -carboxylic  acid  (according  to  literature  data  [12],  m.p.  136.5*).  Actually, 
this  reaction  leads  to  fl -bromoacrolein  semicarbazone,  m.p.  138.5*,  which  is  converted  directly  to  pyrazole  on 
heating  with  hydrochloric  or  acetic  acid  solution. 
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Found ‘7(0!  Br  41.74,  41.76.  QIl^ONjBr.  Calculated  *70:  Br  41.63. 

p-NItrophenylliydrazone:  m.p.  117-118*  (deconip.)  (from  aqueous  alcohol). 

Found ‘7»:  Br  29.88,  30.10;  N  15.61,  15.38.  CjHgO^NjBr.  Calculated  ^/o;  Br  29.60;  N  15.55. 

2,4-DinItrophenylhydrazone.  Orange  needles,  m.p.  182*  (decomp.)  (from  alcohol). 

Found‘d  N  17.52,  17.47;  Br  25.79,  25.61.  CjHyO^N^Br.  Calculated  N  17.77;  Br  25.38. 

Oxidation  of  fl -bromoacrolein  to  trans-6 -bromoacrylic  acid.,  fl -Bromoacrylic  acid  was  prepared,  similarly 
to  6  -chloroacrylic  acid  (see  above),  by  oxidation  of  0.6  g  of  fl -bromoacrolein  with  ammoniacal  silver  oxide 
solution.  After  evaporation  of  the  ether  extracts  there  was  obtained  0.45  g  of  crude  fl -bromoacrylic  acid  which, 
after  recrystallization  from  petroleum  ether,  had  m.p.  113.5-114.5*.  According  to  literature  data  [13],  trans-fl- 
bromoacryllc  acid  has  m.p.  115-116*. 

SUMMARY 

1.  fl-Chloro-  and  fl -bromoacrolelns  were  prepared  for  the  first  time  in  a  pure  state,  by  splitting -off  of  hy¬ 
drogen  halide  from  fl,fl-dihalopropionaldehydes,  and  characterized. 

2.  Pyrazole,  1 -substituted  pyrazoles,  isoxazole,  and  2-aminopyrlmidlne  were  prepared  by  the  reaction  of 

fl -haloacrolelns  with  semicarbazide  or  hydrazine,  substituted  hydrazines,  hydroxylamine,  and  guanidine,  respec¬ 
tively;  intermediately  formed  sem lea rba zones  and  substituted  hydrazones  of  fl -haloacrolelns  were  isolated  and 
characterized. 

3.  The  oxidation  of  fl -haloacrolelns  with  silver  oxide  leads  to  trans-fl-haloacrylic  acids. 

LITERATURE  CITED 

[1]  T.V.  Protopopova  and  A.P.  Skoldinov,  Chem.  Science  and  Ind.  3,  536  (1958);  J.  Gen.  Chem.  28,  2805 
(1958).* 

[2]  V.T.  Klimko,  V.A.  Mikhalev  and  A.P.  Skoldinov,  J.  Gen.  Chem.  27,  370  (1957).* 

[3]  N.K.  Kochetkov,  Progr.  Chem.  24,  32  (1955). 

[4]  R.  Sallazzo  and  A.  Vercellone,  La  Chimica  e  L’Industria  38,  591  (1956). 

[5]  A.  Gaudino,  A.  Quillco  and  Q.  Ricca,  Atti  Lincei  21,  253  (1956). 

[6]  T.V.  Protopopova  and  A.P.  Skoldinov,  J.  Gen.  Chem.  27,  1276  (1957).* 

[7]  T.V.  Protopopova  and  A.P.  Skoldinov,  J.  Gen.  Chem.  28,  2428  (1958).* 

[8]  T.V.  Protopopova  and  A.P.  Skoldinov,  J.  Gen.  Chem.  26,  3355  (1956).* 

[9]  J.L.  Flnar  and  K.E.  Godfrey,  J.  Chem.  Soc.  1954,  2293. 

[10]  U.S.  Pat.  2515160;  Chem.  Abstr.  44,  8960  (1950). 

[11]  H.J.  Backer  and  A.E.  Beute,  Rec.  trav.  chim.  54,  167  (1935). 

[12]  A.  Dornow  and  K.  Peterlein,  Ber.  82,  257  (1949). 

[13]  E.  Gryszkiewicz-Trochimowski,  W.  Schmidt  and  O.  Gryszklewicz-Trochimowskl,  Bull.  Soc.  Chim. 
1948,  593;  Bandrowskl,  Ber.  15,  2702  (1882). 

Received  January  21,  1958 


•Original  Russian  pagination.  See  C.B.  translation. 


948 


SOME  DERIVATIVES  OF  4 . 5  -  DIG  HLORO  -  3 . 6  -  EN  DOX  OH  EX  A  HY  DRO - 
PHTHALIC  ACID 

N.N.  Mel’nikov  and  V.A.  Kraft 

Institute  of  Plant  Physiology,  Academy  of  Sciences,  USSR 

We  recently  showed  [1]  tliat  chlorination  of  the  anhydrides  of  3,6-endoxo-l,2,3,6-tetrahydrophthallc  and 
3-methyl-3,6-endoxo-l,2,3,6-tetrahydrophthallc  acids  gave  good  yields  of  the  anhydrides  of  4,5-dlchloro-3,6- 
endoxohexahydrophthallc  and  3 -methyl-4,5 -dIchloro-3, 6 -endoxohexahydrophthallc  acids.  However,  we  did  not 
study  these  compounds  in  more  detail.  There  is  no  information  In  the  literature  on  the  properties  of  4,5-dichloro- 
3, G -endoxohexahydrophthallc  acids  and  their  derivatives,  although  the  corresponding  dlbromo  derivatives  are 
described  in  the  literature  and  have  been  studied  in  reasonable  detail  [2-9]  and  there  Is  a  patent  on  their  use  as 
active  defoliants  [10]. 

In  connection  with  a  search  for  new  active  defoliants  and  a  smdy  of  the  mechanism  of  their  action,  we  un¬ 
dertook  a  more  detailed  study  of  the  properties  and  the  synthesis  of  various  derivatives  of  4,5-dichloro-3,6-end- 
oxohexahydrophthalic  acid.  By  esterification  of  4,5 -dichloro -3, 6 -endoxohexahydrophthallc  and  3-methyl-4,5- 
dichloro-3,6-endoxohexahydrophthalic  acids  with  various  alcohob  in  the  presence  of  benzenesulfonic  acid,  we 
synthesized  esters  of  these  acids  which  are  not  described  in  the  literature  and  by  reaction  of  the  anhydrides  with 
amines,  we  obtained  the  corresponding  4,5-dichloro-3,6-endoxohexahydrophthalamlnlc  acids  (I)  and  4,5-di- 
chloro-3,6-endoxohexahydrophthalimIdes  (II).  The  compounds  we  obtained  and  their  properties  are  given  in  the 
table. 

Two  isomers  were  obtained  for  3-methyl-4,5-dichloro-3,6-endoxohexahydrophthallc  acid  and  the  esters 
and  amides  of  both  Isomers  were  prepared. 

CH,(H) 

C  CH(CH,) 

ClHC|^CHC0NHR  CIHC^CHCO^ 

ClHckJJcHCOOH  ClHCuJcHCO^*^ 

CH  CH 

U)  (11) 

Cis-  and  trans-4,5-dichloro-3-methyl-3,6-endoxohexahydrophthallc  acids  were  isolated  as  a  result  of 
fractional  crystallization  of  their  methyl  esters  with  subsequent  acid  hydrolysis  of  the  latter.  In  analogy  with  the 
corresponding  dlbromo  derivatives  [11],  the  cis -isomer  apparently  has  a  higher  melting  point. 

EX  PERIMENTAL 

1.  Preparation  of  3-methyl-4,5-dichloro-3,6-endoxohexahydrophthalic  anhydride.  With  vigorous  stirring 
and  cooling  to  ”5  to  +5",  76.65  g  of  chlorine  in  650  ml  of  chloroform  (20^  excess)  was  gradually  added  to  a  sus¬ 
pension  of  162  g  of  3-methyl-3,6-endoxo-l,2,3,6-tetrahydrophthallc  anhydride  in  65  ml  of  chloroform.  After 
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the  given  amount  of  chlorine  had  been  added,  the  reaction  mixture  was  stirred  for  a  further  one  hour.  After 
separating  the  precipitate  and  evaporating  the  chloroform  from  the  mother  solution,  we  obtained  198  g  of  a 
preparation  with  m.p,  91-95"  (88%).  When  the  reaction  was  performed  in  more  dilute  chloroform  solution,  it 
was  possible  to  isolate  a  small  yield  of  3-metliyl-4,5-dichloro-3,6-endoxohexahydrophthalic  anhydride  with 
m.p.  151-152”. 

For  resolution  into  isomers,  the  mixture  of  anhydrides  with  a  melting  point  of  91-96*  was  esterlfied  witli 
methyl  alcohol  in  the  presence  of  oleum.  21  g  of  crude  anhydride  was  heated  witii  75  ml  of  CH3OH  in  the  pres¬ 
ence  of  a  small  amount  of  oleum  for  34  hours  in  a  flask  with  a  reflux  condenser.  The  reaction  mixture  was 
cooled  and  the  precipitate  filtered  off  and  washed  with  a  small  amount  of  methyl  alcohol.  The  m.p.  was  121.5- 
123.5".  After  recrystallization  from  methyl  alcohol,  the  substance  had  m.p.  124-125".  The  yield  was  17.3  g 
(69.6%).  According  to  analysis,  the  product  obtained  corresponded  to  the  dimethyl  ester  of  3-methyl -4, 5-di- 
chloro  -3, 6 -endoxohexahy drophthalic  acid. 

The  methanol  mother  solution  was  evaporated  in  vacuum  and  diluted  with  water  and  the  ester  extracted 
with  benzene.  The  benzene  extract  was  washed  with  water,  sodium  carbonate  solution  and  again  with  water, 
dried  over  CaClj  and  the  solvent  removed  In  vacuum.  After  removal  of  the  benzene,  the  crystalline  substance 
obtained  was  recrystallized  from  petroleum  ether  and  methyl  alcohol.  The  m.p.  was  66-67*.  The  yield  was 
6.1  g  (24.6%).  The  preparation  obtained  did  not  depress  the  melting  point  of  the  dimethyl  ester,  obtained  from 
the  3-methyl-4,5-dichloro-3,6-endoxohexahydrophthallc  anhydride  with  m.p.  151-152*. 

For  the  preparation  of  3-methyl-4,5-dichloro-3,6-endoxohexahydrophthalic  acid,  1.4  g  of  tlie  dimethyl 
ester  with  m.p.  66-67*  was  boiled  with  a  mixture  of  25  ml  of  hydrochloric  acid  and  25  ml  of  ether  in  a  flask  with 
a  reflux  condenser.  After  30  minutes  boiling,  the  solvent  was  removed  in  vacuum  on  a  water  bath.  We  obtained 
1.09  g  of  3 -methyl -cis -4, 5 -dichloro -3, 6 -endoxohexahy drophthalic  acid  which  melted  at  151-152*  after  recrys¬ 
tallization  from  water.  The  acid  obtained  after  recrystallizadon  from  water  separated  witli  two  molecules  of 
water.  Wlien  dried  in  a  vacuum  desiccator  over  sulfuric  acid,  it  lost  11.9%  of  water  (11.8%  for  two  molecules  of 
water  of  crystallization)  and  was  converted  into  an  anhydrous  preparation. 

This  acid  was  boiled  with  acetyl  chloride  for  preparation  of  the  anlrydride.  After  recrystalUzation  from 
dry  etlier,  the  anhydride  obtained  had  m.p.  151-152*  and  did  not  depress  the  melting  point  of  the  anhydride  of 
this  acid  described  previously  [1]. 

Under  completely  analogous  conditions,  tlie  dimethyl  ester  witfi  m.p.  124-125*  was  also  hydrolyzed.  The 
acid  obtained  from  this  ester  melted  at  151-152*  and  die  anhydride  at  113-114*.  This  anhydride  was  apparently 
the  trans -isomer  (according  to  the  position  of  the  halogens). 

Found  %:  01  27.74,27.79.  M  257,  258.  C,Hg04Cl2.  Calculated ‘Vo:  0128.24.  M  251. 

The  chlorination  of  3,6-endoxo-l,2,3,6-tetrahydrophthalic  anhydride  yielded  only  one  Isomer  with  m.p. 
161-162*.  However,  the  preparation  of  this  anhydride  gave  as  a  side  product  a  substance  with  m.p.  161.5-162*, 
which  deparessed  the  melting  point  of  the  anhydride.  The  structure  of  this  compound  could  not  be  established  as 
yet. 

2.  Preparation  of  esters  of  4,5-dichloro-3,6-endoxohexahydrophthalic  and  3-methyl-4,5-dichloro-3,6- 
endoxohexahydrophthalic  acids.  All  die  esters  of  these  acids,  which  are  not  described  in  the  literature,  were 
prepared  by  esterification  of  the  appropriate  anhydrides  with  alcohols  in  the  presence  of  oleum  or  benzene-sul¬ 
fonic  acid.  The  compounds  we  obtained  and  their  properties  are  presented  in  the  table.  The  acid  esters  of  the 
given  acids  were  obtained  by  boiling  the  appropriate  anhydrides  with  alcohols  and  in  the  preparation  of  the 
monoethyl  ester  of  4,5-dichloro-3,6-endoxohexahydrophthalic  acid,  a  small  amount  of  the  substance  with  m.p. 
161.5-162*,  mentioned  above,  was  isolated  as  a  side  product.  An  analogous  product  was  isolated  in  the  reaction 
of  ethyl  alcohol  with  3 -methyl -trans -4, 5 -dichloro -3, 6 -endoxohexahy drophthalic  anhydride.  The  m.p.  was 
115-116*. 

3.  SynUiesis  of  amides  and  imides  of  4,5-dichloro-3,6-endoxohexahydrophthalic  acids.  The  amides  and 
imides  of  the  given  acids  were  prepared  by  the  method  described  previously  [1].  Tlie  compounds  we  prepared, 
which  are  not  described  in  the  literature,  are  presented  in  the  table. 
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Name 


Yield 

(^) 


Temperature 


Analysis  for  Cl  (!lo) 


m.p. 


b.p.  (pres¬ 
sure  in  mm) 


found 


calc. 


Esters  of  4 , 5  -  d Ich  lor o  - 3 . 6  - en doxohexa hy  dr  oph tha  lie  acid 

Monomethyl  97  135—136°  —  26.23,  25.93  26.35 

Dimethyl  93  119-120.5  —  24.74,  24.83  25.05 

Monoethyl  80  150—151  —  24.85,  24.70  25.05 

Dletiiyl  72  52—53  —  22.40,  22.28  22.79 

Dipropyl*  —  182°  (1)  20.45,  20.93  20.91 

Dibutyl**  90  —  187—189(1)  19.12,  18.84  19.31 

Dlisoamyl***  86  27—28  181—183(1)  17.98,  17.50  17.94 

Esters  of  3  -  m  eth  y  1 -4 , 5  -  dichlor  o  -  3 , 6  -  en  doxoh  exahy  dr  o  ph  tha  lie 

acids 

Trans-acid: 

Dimethyl 
Diethyl 
Dipropyl 
DlDutyl 
Dlisoamyl 
Cis-acld: 

Dimethyl 
Diethyl 
DIpropyl 
Dioutyl 
Diisoamyl 

Amides  and  imides 


N-Phenylimide 

N-a  -Naphthylamide**** 

N  -a  -Naphthylimide 


59 

124—125 

23.65,  23.93 

23.87 

63 

,82—83 

— 

22.28,  22.41 

21.81 

91 

58-59 

— 

19.57,  19.70 

20.08 

.58 

61—62 

— 

18.71,  18.93 

18.60 

82 

89.5-90.5 

— 

17.01,  17.18 

17.32 

95 

66—67 

_ 

23.87,  24.00 

23.87 

94 

92—93 

— 

21.72,  22.08 

21.81 

83 

83..5— 84.5 

— 

20.33,  20.10 

20.08 

90 

26—28 

207—209  (2) 

18.23,  18.44 

18.60 

90 

45 — 46 

194—196(1) 

17.46,  17.18 

17.32 

>f  4,5 

- di ch  loro 
acid 

-3.6-endoxohexahydrophthalic 

.50 

213—214 

_ 

22.51,  22.55 

22.72 

59 

206(  decomp) 

— 

18.47,  18.16 

18.65 

90 

231 

— 

19.18,  19.24 

19.58 

Amides  and  imides  of  3  - m e thy  1 -4 , 5  - dl ch lor o  - 3 , 6  - endox oh exa - 
hydrophthalic  acid 


Trans  - 

N-Phenylamide* 

N-Phenyllmide 

Cis- 

N-Phenylamide* 

N-Phenylimide 


81 

18.5(  decomp) 

4.36,  4.08 

80 

178.5— 180..5 

— 

'4.57,  4.50 

79 

175(deconH)) 

_ 

4.31,  4.25 

90 

183.5—184.5 

— 

4.52,  4.51 

4.07  (nitrogen) 
4.30(nitrogen) 

4.07(nitrogen) 

4.30(nitiogen) 


•n^*D  1.4858. 

**i^®D  1.4830. 

***n*®D  1.4798. 

•♦••Found  M  370,  366;  calculated  380. 
*^^^^Found  M  339,  341;  calculated  344. 
♦♦•••♦Found  M  340,  343;  calculated  344. 


SUMMARY 

1.  Cls-  and  trans-3-methyl-4,5-dIchloro-3,6-endoxohexahydrophthallc  anhydrides  and  esters,  amides  and 
imides  of  3-methyl-4,5-dichloro-3,6-endoxohexahydrophthalic  acids,  which  are  not  described  in  the  literature, 
were  synthesized. 

2.  A  series  of  derivatives  of  4,5-dlchloro-3,6-endoxohexahydrophthalic  acid,  which  are  not  described  in 
the  literature,  was  synthesized. 
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SYNTHESIS  OF  SOME  N -a -N  A  PHTIIYLACET  YL  A  MINO  ACIDS 


K.S.  Bokarev  and  N.N.  Mel’nikov 
Institute  of  Plant  Physiology,  Academy  of  Sciences,  USSR 

Wood  and  Fontaine  [1]  put  forward  the  hypothesis  tliat  in  plants  there  exist  Intracellular  hydrolytic  enzyme 
systems  capable  of  cleaving  tlie  amide  bonds  of  N-halophenoxyacyl  compounds  with  L-  and  DL -amino  acids  with 
the  formation  of  ha lophenoxy alkyl  carboxylic  acids,  which  also  explains  the  activity  of  the  compounds.  At  the 
same  time,  these  enzymes  were  assumed  to  be  completely  or  partially  incapable  of  hydrolyzing  the  amide  bonds 
of  compounds  of  halophenoxyacids  with  D-amino  acids.  To  study  this  problem,  various  amino  acid  derivatives 
of  2,4-D  [1],  2M-4X  [2],  2,4,5-T  [3],  4-chlorophenoxyacetic  [4]  and  2,4-dlchlorophenoxy -a -propionic  acids  [5] 
were  synthesized  and  tested  on  plants.  The  results  of  the  test  confirmed  the  hypothesis  presented, to  some  extent. 
However,  they  may  also  be  considered  as  confirming  the  fact  that  the  activity  of  the  compounds  depends  on  the 
specificity  of  the  structure  of  the  molecule  as  a  whole  and  on  the  capacity  of  the  molecule  to  move  through  the 
plant  [4,  5]. 

We  proposed  that  in  treatment  with  halo phenoxya Iky  1  carboxylic  acids,  their  amides  with  amino  acids  and 
products  of  their  conversion  may  be  formed  in  the  plants  [3].  Acmally,  it  was  recently  established  tliat  3-indolyl- 
acetyl-,  3-indolylpropionyl-  and  3-indolylbutyryl-aspartic  acids  may  be  formed  in  plants  [6-9].  Due  to  the  im¬ 
portance  of  this  problem,  both  theoretically  and  practically,  a  need  arose  for  a  wide  investigation  in  this  direction. 

With  this  aim,  we  undertook  work  on  the  synthesis  of  some  compounds  from  the  N-a-naphthylacetylamino 
acid  group.  There  are  directions  in  the  patent  literature  on  the  preparation  of  a-naphthylacetylglycine,  a- 
naphthylacetyl-L-leucine  and  a-naphthylacetylsarcosine  from  a-naphthylacetyl  chloride  and  the  appropriate 
amino  acids  and  the  use  of  a-naphthylacetylamino  acids  as  plant  growth  stimulants  has  been  patented  [10-15]. 

The  compounds  we  synthesized  were  also  prepared  by  the  reaction  of  a-naphthylacetyl  chloride  with  the 
appropriate  amino  acids  in  an  alkaline  solution. 

EXPERIMENTAL 

The  a-naphthylacetyl  chloride  required  for  the  synthesis  of  a-naphthylacetylamino  acids  was  obtained 
from  pure  a-naphthylacetic  acid  (m.p.  132*)  and  thionyl  chloride  by  the  method  described  in  [16]. 

Preparation  of  N-a-naphthylacetylamino  acids.  With  vigorous  stirring,  a  solution  of  0.05  mole  of  a- 
naphthylacetyl  chloride  in  benzene  was  added  dropwise  over  a  period  of  10-15  minutes  to  a  solution  of  0.05  mole 
of  amino  acid  In  0.15  mole  of  N  sodium  hydroxide  solution,  cooled  to  0-5*.  When  the  acid  chloride  had  been 
added,  the  mixture  was  stirred  for  two  hours  at  room  temperature.  The  mixture  obtained  was  diluted  with  water 
until  the  precipitate  formed  had  dissolved.  The  solution  was  extracted  three  times  with  ether  (20  ml  of  ether 
each  time).  The  aqueous  solution  was  acidified  with  hydrochloric  acid  (1:2)  until  acid  to  Congo.  The  precipitate 
of  a-naphthylacetylamino  acid  Liberated  was  filtered  off,  washed  with  water,  dried  and  recrystallized  from  a 
suitable  solvent.  Data  on  the  compounds  synthesized  are  presented  in  tlie  table. 
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N-a-Naphthylacetylamino  Acids  and  Their  Properties 
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'According  to  data  In  [10, 11, 13],  the  melting  point  of  a-naphthylaceiylglycine  is  153-154*. 
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SUMMARY 


In  order  to  study  die  physiological  activity  and  the  mechanism  of  action  of  plant  growth  regulators,  we 
synthesized  15  N-a-naphthylacetylamlno  acids  and  of  these,  14  compounds  have  not  been  described  In  the  litera¬ 
ture. 
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DIPOLE  MOMENTS  OF  STANNIC  CHLORIDE  COMPLEXES 
WITH  SOME  ALIPHATIC  ALCOHOLS.  XVII. 

O.A.  Osipov,  V.M.  Artemova  and  N.G.  Bedarev 
Rostov-on-Don  State  University 

Complex  formation  between  tin  tetrachloride  and  aliphatic  alcohols  has  been  studied  by  a  series  of  in¬ 
vestigators.  Pfeiffer  isolated  compounds  of  the  compositions  SnCl^*  2CHjOH  and  SnCl^ •  2CJH5OH  [1, 2].  Com¬ 
plex  compounds  of  the  type  SnCl^*  2ROH  were  studied  by  Rosenheim  and  Schnabel  [3]. 

An  Investigation  of  the  electroconductivity  and  viscosity  of  the  system  SnCl4“CjH50H  indicated  the  pres¬ 
ence  of  two  complex  compounds,  SnCl^*  2C2H5OH  and  SnCl4  •  4CJH5OH  [4].  From  an  investigation  of  infrared 
absorption  spectra,  Laubengayer  and  Smith  showed  that  stannic  chloride  formed  a  complex  compound  of  the 
composition  SnCfi'  2C2H5OH  with  ethyl  alcohol  [5].  Ford  and  Marschall  confirmed  the  presence  of  the  complex 
SnCl^*  2CH3OH  by  the  results  of  ultraviolet  and  Infrared  spectral  investigations  [6].  Recently,  Yu.N.  Vol’nov 
studied  the  interaction  of  stannic  chloride  with  aliphatic  alcohols  by  a  cryoscopic  method  and  established  the 
presence  of  molecular  compounds  of  the  type  SnCl^*  2ROH  [7]. 

In  this  work  we  present  the  results  of  determining  the  dipole  moments  of  the  complex  compounds  formed 
by  tin  tetrachloride  with  methyl,  ethyl,  n-butyl,  Isobutyl  and  isoamyl  alcohols  of  the  composition  SnCl^*  2ROH 
and  [SnClj-OR-OHRlj. 

Results  of  the  Investigation  and  Discussion 

We  previously  described  the  method  of  determining  tlie  dipole  moments,  purifying  the  tin  tetrachloride 
and  benzene  and  also  of  preparing  benzene  solutions  of  the  complexes  investigated  [8].  Here  we  will  only  note 
that  after  being  dried  successively  over  calcium  oxide  and  metallic  sodium  and  two  fractional  distillations,  the 
alcohols  had  the  following  constants. 


Alcohol  B.p.  n*®D 

CHjOH .  64.4  0.7917  1.3289 

C2H5OH .  78.4  0.7897  1.3616 

n-C4H,OH .  118.0  0.8093  1.3997 

iso-C4H90H .  108.2  0.8017  1.3961 

iso-CgHuOH .  131.4  0.8105  1.4068 


We  prepared  complexes  of  the  type  [SnCl3*  OR*  OHRjj  by  the  method  of  Laubengayer  and  Smith  [5]  by 
prolonged  boiling  of  SnCl^  •  2ROH  in  benzene  according  to  tlie  reaction 

2[SnCl4-  2ROH]  =  [SnCl3-  OR  -  OHR^  +  2HC1. 

The  presence  of  a  dimeric  complex  molecule  was  demonstrated  by  the  results  of  cryoscopic  investigations. 

Tables  1-5  give  the  results  of  measuring  the  specific  inductive  capacitance  (c)  and  the  density  (d)  and  also 
the  calculated  values  of  the  molar  polarization  (P2)  of  complexes  of  the  composition  SnCli-  2ROH  in  benzene, 
relative  to  the  mole  fractions  of  the  corresponding  complex.  Table  6  gives  the  values  of  the  molar  polarization. 
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TABLE  1 


TABLE  2 


Complex  SnClj*  2CH|OH  in  Cgll* 

P*OD  =  850cm*,  R=52.33cm*  /i=6.18D 


c 

(in  mole 
fractions) 

d," 

P, 

0.0(K)75 

2.322i 

0.8794 

826 

0.(H)12:i 

2..3i(;9 

0.8805 

811 

0.0021(5 

2..39()3 

0.8825 

799 

0.00271 

2.42.50 

0.8837 

791 

0.(K)3I4 

2.4475 

0.8847 

781 

0.003.5S 

2.4704 

0.8856 

782 

TABLE  3 

Complex  SnCl4"  Sn-C^H^OH  In  CjH* 
Pjoo  =  848  cm*,  R=  80.18  cm*,  /i=6.05D 


c 

(In  mole 
fractions) 

d,” 

P, 

0.00354 

2.4704 

0.8857 

826 

0.(KM542 

2.(5378 

0.8922 

819 

0.00933 

2.80(55 

0.8987 

810 

0.0!  1!«) 

2.9574 

0.iK)44 

799 

0.01389 

3.0702 

0.9089 

786 

Complex  SnCl4*  2C2H5OH  in  CjH^ 
P*oo“832cm*,  R  =  61.55  cm*,  ;i=6.08D 


c 

(in  mole 
fractions) 

**0 

d,*> 

P. 

0.(X)1 1 1 

2.3384 

0.8802 

801 

0.(K)1 39 

2.3522 

0.8807 

787 

0.00272 

2.4198 

0.8835 

777 

0.00384 

2.4763 

0.8859 

768 

0.005(52 

2.5668 

0.8895 

757 

0.00735 

2.6556 

0.8932 

748 

0.00904 

2.7407 

0.8947 

737 

TABLE  4 

Complex  SnClj*  2iso-C4H90H  in  CjHg 
P2a3  =  850cm*,  R=  80. 08  cm*,  /i=6.06D 


£ 

(in  mole 
fractions) 

d,“ 

P. 

0.0020(5 

2.3925 

0.8841 

811 

0.00325 

2.4504 

0.8852 

802 

0.00457 

2.5111 

0.8868 

777 

0.00522 

2.5440 

0.8880 

764 

0.(H)543 

2.5519 

0.8884 

766 

0.00590 

2.57i2 

0.8893 

757 

0.00616 

2.5885 

0.8898 

761 

TABLE  5 


Complex  Sn(^l4*  2iso-C5HiiOH 

Pzoo  “  “  89.27  cm*,  p  =  6. 10  D 


c 

(in  mole 
fractions) 

*20 

P, 

0.00525 

2.5658 

0.8.S83 

835 

0.00583 

2.588(5 

0.8895 

832 

0.(K)(553 

2.(5371 

0.8908 

827 

0.00792 

2.7120 

0.8935 

818 

0.0087(5 

2.75(57 

0.8951 

812 

0.00970 

2.8075 

0.89(59 

808 

ing  part  of  the  complex,  which  indicates  the  appearance 


extrapolated  to  infinite  dilution  (Pjcd)*  refraction 
(R)  and  the  dipole  moments  (p)  of  all  five  complexes 
and  tlie  corresponding  alcohols  (p’).  In  the  last  col¬ 
umn  is  given  the  difference  between  the  dipole  mo¬ 
ments  of  the  complex  and  the  polar  component  in  the 
form  p  ^  Hi\/2,  i.e.,  it  is  assumed  that  the  two  alco¬ 
hol  molecules  are  disposed  at  an  angle  of  90*  to  each 
other  in  the  complex. 

The  data  presented  show  that  the  interaction 
between  tin  tetrachloride  and  aliphatic  alcohols  is 
accompanied  by  a  considerable  Increase  in  the  polar¬ 
ity  as  in  the  case  of  complex  compounds  formed  by 
SnCli  with  other  oxygen -containing  organic  addends 
[8-10].  The  dipole  moment  of  the  complex  is  much 
greater  than  the  moment  of  the  polar  component  form- 
of  a  strongly  polarized  donor -acceptor  covalent  bond. 


The  presence  of  such  a  bond  is  confirmed  by  a  series  of  experimental  facts:  the  high  melting  points  of  the  com¬ 


plexes  (in  comparison  with  tire  melting  points  of  the  components),  the  considerable  electroconductivity  of  the 


complex  and  the  low  solubility  in  nonpolar  solvents,  whose  molecules  do  not  have  rr  -bonds. 


The  presence  of  a  considerable  dipole  moment  in  complexes  of  the  type  SnCl*-  2ROH  indicates  that  the 
latter  have  a  cis -configuration.  Evidently,  the  cis-form  is  most  stable  at  normal  temperatures  for  the  complexes 
SnCl4-2A  (where  A  is  a  molecule  of  an  oxygen -containing  organic  addend)  [8-10].  It  is  noticeable  that  the  in¬ 
crease  in  the  dipole  moment  for  all  the  complexes  we  investigated  is  constant  (Table  6).  We  proposed  that  such 
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TABLE  6 


Complex 

^2a3 

n 

(1— (1,  v2 

SnCl4  •  2Cn,()n 

850 

52.33 

6.18 

1.69 

3.80 

SnCl4  •  20,115011 

832 

61  ..55 

6.08 

1.66 

3.74 

Snr,l4  .  2n-C4H„On 

848 

80.18 

6.05 

1.66 

3.73 

SnCl4  •  2Iso-C4nnOH 

850 

80.08 

6.06 

1.67 

3.71 

SnCl*  .  2Iso-C5Hi,OH 

868 

89.27 

i 

6.10 

1.76 

3.68 

TABLE  7 

Complex  [SnCl,-  OCjHg  •  OHCjHj^ 
in  CeH« 

Pjco  =  377cm*  R=  103.08cm*,  ii=3.53D 


c 

(in  mole 
fractions) 

d," 

P. 

0.00344 

2.3354 

0.8854 

378 

0.(K)467 

2.3584 

0.8878 

380 

0.00494 

2.3603 

0.8882 

381 

0.(X)518 

2.3638 

0.8887 

374 

0.00577 

2.3710 

0.8899 

372 

0.00801 

2.4084 

0.8943 

377 

TABLE  9 


Complex  [SnCl3  •  OC4HJ  •  OHC4H3-lso]2 
In  C«H« 

P2Go  =  378cm*  R=140.12cm*  /i=3.24D 


TABLE  8 

Complex  [SnCl3  •  OC4H9  •  OHC4H3-ni 
in  CjH* 

Pjoo  =  373  cm*.  R  =  140. 12  cm*  =  3.22  D 


c 

(in  mole 
fractions) 

*>0 

d.- 

Pt 

0.00193 

2.3201 

0.8884 

374 

0.(X)275 

2.3360 

0.8937 

377 

0.00411 

2.3646 

0.9014 

371 

0.00539 

2.3889 

0.9088 

365 

0.00650 

2.4167 

0.9151 

378 

TABLE  10 

Complex  [SnCl3'  OC5H11*  OHC5Hn-iso}3 
in  CjH* 

Pico  =  382  cm*,  R  =  160.53  cm*,  ji=3.10D 


c 

(in  mole 
fractions) 

*1, 

d.“ 

1 

c 

(in  mole 
fractioiis) 

«», 

d.» 

Pi 

0.00529 

2.3728 

0.8971 

374 

0.00266 

2.3222 

0.8873 

382 

0.00795 

2.4112 

0.9065 

371 

0.00370 

2.3370 

0.8911 

383 

0.01044 

2.4513 

0.9149 

379 

0.00453 

2.3481 

0.8941 

385 

0.01271 

2.4958 

0.9227 

384 

0.00559 

2.3644 

0.8978 

377 

constancy  in  the  difference  fx  -  ni\f2  indicates  that  the  stability  of  the  complex  in  solution  Is  independent  of  the 
length  of  the  alcohol  radical.  This  was  previously  demonstrated  on  complexes  of  stannic  chloride  with  esters  of 
monobasic  carboxylic  acids  [8]. 

Cryoscopic  investigations  of  the  system  SnC]4— ROH  [7]  also  indicated  that  the  stability  of  complexes  of 
the  type  SnCli*  2ROH  depends  very  little  on  the  nature  of  the  alcohol  radical.  This  independence  may  probably 
be  explained  by  the  rapid  fall  in  the  inductive  effect  along  an  alcohol  radical.  Consequently,  the  electronic  den¬ 
sity  around  the  oxygen  atom,  characterizing  its  donor  properties,  is  changed  very  little  in  replacing  one  radical 
by  another,  which  agrees  with  the  general  rules  for  the  mutual  interaction  of  atoms  established  by  V.V.  Markov- 
nikov. 


Laubengayer  and  Smith  [5]  established  that  when  boiled  in  benzene,  the  complex  SnCli  •  2C3HgOH  loses  a 
molecule  of  HCl  and  is  converted  into  a  compound  with  the  empirical  formula  [SnCl3 •  OCjHj •  OHC2H5].  A 
qualitative  comparison  of  the  infrared  absorption  spectra  of  Cil^OH  as  vapor  and  liquid  and  [SnC^*  OC3H5*  OHC3H3] 
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indicated  that  the  latter  compound  is  associated  as  a  dimer  with  an  increase  in  tlie  coordination  number  of  tin 
from  five  to  six.  We  have  already  noted  above  that  the  dimeric  character  of  the  complex  [SnClj-  OGjIls*  OHCjl^] 
was  confirmed  by  cryoscopic  investigations.  Using  the  method  developed  by  Laubengayer  and  Smith,  we  isolated 
the  complexes  [SnC^*  OR*  OHR}^,  where  R  =  CjHs,  n -04119,  Iso-C^Ilg  and  iso-CgHu. 

The  compt>unds  appeared  as  white,  coarsely  crystalline  substances. 

hi  Tables  7-10  we  present  tlie  results  of  measuring  the  specific  inductive  capacitance  and  die  density  and 
also  the  calailated  values  of  the  molar  polarization  of  complexes  of  the  type  [SnCl3*  OR  -  OHR]j  in  benzene  in 
relation  to  the  mole  fractions  of  the  corresponding  complex. 

For  the  complex  [SnCl3-  OC3U5-  011C3l%}2,  the  molar  polarization  extrapolated  to  infinite  dilution  (Pxqo) 
equaled  377  cm*,  the  deformation  polarization  (Pg  =  P^  +  P^)#  118.50  cm*  and  the  dipole  moment,  3.54  D.  For 
die  three  following  complexes  [SnCl3*  004119 •  OHC4H9-n}2,  [SnCl3*  004119  •  OH04H9-iso]2  and  [SnCls*  OOgHii- 
OHOsHu-isoJj  these  values,  respectively,  equaled  373,  212.05  and  3.22j  378,  212.05  and  3.24;  382,  184.62  cm* 
and  3.10  D. 

From  the  data  presented  it  is  obvious  that  the  conversion  of  the  complex  SnOl4-  2ROH  into  [SnOl3-  OR  -  OHR]3 
is  accompanied  by  a  sharp  fall  in  polarity.  For  example,  for  the  complex  formed  by  SnOli  with  ethyl  alcohol, 
this  conversion  leads  to  a  decrease  in  molar  polarization  at  infinite  dilution  of  473  cm*  and  in  the  dipole  mo¬ 
ment  of  2.64  D.  It  is  clear  that  the  considerable  decrease  in  polarity  indicates  an  increase  in  the  symmetry  of 
the  complex  molecule.  The  dipole  moments  presented  for  the  compounds  [SnCl3*  OR'  OHRli  give  grounds  for 
thinking  that  these  compounds  have  a  planar  cis -structure  in  benzene. 
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The  comparatively  low  values  of  the  dipole  moments  are  evidently  characterized  by  the  difference  in 
polarity  of  the  alcohol  and  its  residue,  OR.  From  the  data  in  Tables  7-10  it  is  evident  that  the  molar  polariza¬ 
tion  Pj  does  not  change  with  a  change  in  concentration  of  the  complex.  Consequently,  with  dilution  the  kinetic 
particle  does  not  change  its  molecular  state,  indicating  the  considerable  stability  of  the  dimer  [SnCl3'  OR*  OHR^. 
This  experimental  fact  once  again  indicates  the  fact  that  a  coordination  number  of  5  is  improbable  for  tin  (in 
contrast  to  titanium). 


SUMMARY 

1.  The  dipole  moments  of  the  complexes  SnCl4*  2CH3OH,  SnCl4' 2C3H5OH,  SnCl4'  2n-C4H90H,  SnCl4*  2-iso- 
C4H9OH,  and  SnCl4*  2-iso-C6HiiOH  were  determined.  On  the  basis  of  the  values  of  the  moments,  a  cis-stmcture 
may  be  assigned  to  the  complexes  listed. 

2.  It  was  shown  that  the  dipole  moments  of  the  complexes  studied  did  not  depend  on  the  length  of  the  al¬ 
cohol  radical,  which  agrees  with  previous  investigations. 

3.  The  dipole  moments  of  the  complexes  [SnCl3-  002115-  OHC^Hs^,  [SnCl8-  OC4H9-  OHC4H9-n]2,  [SnCl3- 

•  OC4H9-  OHC4H9-isot  and  [SnCl3*  OCsHu*  OHC5Hij-iso]2  were  determined.  It  was  established  that  tiie  conver¬ 
sion  of  SnCl4*  2ROH  into  [SnCl8*  OR*  OHR;^  was  accompanied  by  a  sharp  decrease  in  polarity.  The  most  probable 
structure  for  the  complex  [SnCl3*  OR*  OHR]2  is  a  flat  cis-structure. 

LITERATURE  CITED 

[1]  P,  Pfeiffer,  Organische  Molekularverbindungen  (Stuttgart,  1922). 

[2]  P  Pfeiffer,  Z.  anal.  Ch.  87,  243  (1914). 

[3]  A.  Rosenheim  and  R.  Schnabel,  Ber.  38,  2778  (1905). 

[4]  S.V.  Rogov,  Dissertation  (1954). 

[5]  A.W.  Laubengayer  and  W.C.  Smith,  J.  Am.  Chem.  Soc.  76,  5985  (1954). 


960 


[6]  R.A.  Ford  and  H.S.  Marschall,  J.  Polymer  Sci.  22,  350  (1956). 

[7]  Yu.N.  Vol’nov,  J.  Phys.  Chem.  31.  131  (1957). [USSR]. 

[8]  O.A.  Osipov,  J.  Gen.  Chem.  26,  322  (1956).* 

[9]  O.A.  Osipov,  G.S.  Samofalova  and  E.I.  Glushko,  J.  Gen.  Chem.  27,  1428  (1957).* 

[10]  H.  UUoh,  E.  Hertel  and  W.  Nespital,  Z.  phys.  Ch.  17,  21  (1932). 

Received  January  23.  1958 


*  Original  Russian  pagination.  See  C.B.  translation. 


961 


INVESTIGATIONS  IN  THE  FIELD  OF  INDOLE  DERIVATIVES 

VI.  THE  MECHANISM  OF  THE  E.  FISCHER  REACTION.  A  STUDY  OF  THE  CONVERSIONS 
OF  THE  METHYLPHENYLHYDRAZONE  OF  METHYL  ETHYL  KETONE 

N.N.  Suvorov,  N.P.  Sorokina  and  Yu.N.  SheInker 
S.  Ordzhonikidze  All-Union  Scientific-Research  Institute  of  Chemical  Pharmaceutics 

In  a  previous  communication  we  showed  diat  when  the  phenylhydrazone  of  methyl  ethyl  ketone  was  heated 
with  acetic  anhydride  In  the  presence  of  p-toluenesulfonlc  acid,  It  gave  a  high  yield  of  2-(N,N'-dlacetyl-fl- 
phenylhydrazlno) -butene-2,  which  Is  the  dlacetyl  derivative  of  an  N-hydrazlne,  the  first  Intermediate  product  of 
the  E.  Fischer  reaction,  according  to  the  Robinsons*  scheme  [1].  From  the  theoretical  point  of  view,  a  study  of 


i/t. 
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Fig.  1.  Infrared  absorption  spectra:  1)  Bz-acetyl-l,2,3-trimeth' 
yllndole,  m.p.  125-126.5*;  2)  Bz-acetyl-l,2,3-trlmetiiylindole, 
m.p.  101.5-102.5";  3)  Bz -acetyl-1, 2, 3-trimethyllndole,  m.p. 
113.5-114.5*. 
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the  behavior  of  the  methylphenylhydrazone  of  methyl  ethyl 
ketone  (I)  under  analogous  conditions  was  of  great  interest. 

One  might  have  supposed  that  due  to  the  impossibility  of  sta¬ 
bilizing  the  unsaturated  hydrazo  compound  as  a  result  of 
acetylation  of  the  two  nitrogen  atoms,  the  reaction  must  pro¬ 
ceed  differently  in  the  latter  case  than  with  the  unsubstituted 
phenylhydrazone.  Experiment  confirmed  this  hypothesis.  As 
a  result  of  vacuum  distillation,  chromatography  on  aluminum 
oxide  and  repeated  recrystallization,  the  product  of  boiling 
the  methylphenylhydrazone  of  methyl  etliyl  ketone  with  acetic 
anhydride  in  the  presence  of  p-toluenesulfonic  acid  yielded 
five  substances.  One  of  these  was' found  to  be  N-methylacet- 
anilide  (II)  and  another  fl -acetyl- a-methyl-a-pheny Ihydra- 
zine  (III).  The  formation  of  these  substances  is  explained  by 
the  lower  stability  of  the  N-N  and  C— N  bonds  due  to  the  ab¬ 
sence  of  stabilization  as  a  result  of  acetylation  of  the  two  ni¬ 
trogen  atoms.  The  other  three  compounds  were  found  to  be 
isomeric  with  each  other.  Th^  all  formed  2,4'-dinitrophenyl- 
hydra zones,  indicating  the  presence  of  a  carbonyl  group.  The 
elementary  composition  and  the  capacity  to  form  red  picrates 
indicated  that  these  substances  were  isomeric  acetyl-1, 2,3- 
trimethylindoles,  differing  in  the  position  of  the  acetyl  group 
in  the  benzene  ring. 

This  hypothesis  was  confirmed  by  data  from  the  infrared 
spectra.  The  spectra  of  all  three  compounds  contained  a  series 
of  closely  placed  bands,  bands  of  NH  (and  OH)  groups  were 
absent  and  intense  carbonyl  absorption  bands  were  observed 
in  the  region  1650-1680  cm”^  (Fig.  1). 

Fig.  2.  Ultraviolet  absorption  spectra:  1)  The  position  of  the  carbonyl  bands  was  characteristic 

Bz-ethyl-l,3,3-trlmethyllndole,  obtained  of  certain  classes  of  compounds,  in  particular,  it  is  observed 

by  reduction  of  Bz-acetyl-1, 2, 3-trimethyl-  in  the  spefctra  of  aromatic  ketones  (acetophenone,  amino- 

indole  with  m.p.  125-126.5*;  2)  1,2,3-tri-  acetophenone,  etc.  [2]);  in  addition,  it  is  connected  with  tlie 

methylindole.  presence  of  a  ketone  group,  conjugated  with  an  aromatic  nu¬ 

cleus,  containing  electron -donor  substituents.  It  is  obvious 
that  acetyl-1, 2, 3-trimethylindole  may  be  considered  as  a 
compound  of  just  this  type,  whereby  in  this  case,  the  electron -donor  group  is  the  nitrogen  atom  of  the  five-mem- 
bered  ring. 

Considering  that  the  strongest  shift  of  the  carbonyl  band  toward  lower  frequencies  may  be  expected  for 
para -substituted  derivatives  of  such  a  nature  and  the  least  for  meta -substituted  derivatives,  on  the  basis  of  spec¬ 
tral  data,  one  may  tentatively  establish  the  position  of  the  acetyl  residue  in  each  of  the  acetyl-1,2,3 -trimethyl- 
Indole  isomers  isolated. 

The  hypothetical  identification  of  the  compounds,  which  we  made  on  this  basis,  is  presented  in  the  ex¬ 
perimental;  we  should  note  that  it  is  not  final  and  requires  confirmation  by  chemical  methods. 

In  connection  with  this  and  also  to  obtain  additional  proof  of  the  indole  namre  of  the  compounds  obtained, 
these  compounds  were  reduced  by  the  Huang-Minlon  modification  of  the  Klzhner  method.  This  yielded  three 
corresponding  isomeric  substances,  whose  infrared  spectra  lacked  the  carbonyF  group  band  and  whose  ultraviolet 
spectra  were  in  close  agreement  with  the  spectrum  of  1,2,3-trimethylIndole  (Fig.  2). 

On  the  basis  of  these  data  and  elementary  analysis  data,  one  may  conclude  that  the  substances  obtained  by 
reduction  were  isomeric  Bz-ethyl-l,2,3-trimethylindoles.  The  position  of  the  ethyl  group  in  each  of  these  is  be¬ 
ing  elucidated  by  synthesis  at  the  present  time. 

It  seemed  to  us  that  the  formation  of  Bz-acetyl-1, 2, 3-trimethylindoles  should  be  explained  by  subsequent 


963 


acetylation  of  1,2,3 -trimethyllndole  (IV),  the  normal  product  of  the  Fischer  reaction.  To  prove  this  hypothesis, 
1,2,3-trimethyllndole  was  boiled  with  acetic  anhydride  in  tlie  presence  of  p-toluenesulfonic  acid  under  the  same 
conditions  as  with  the  methylphenylhydrazone  of  methyl  ethyl  ketone.  Actually,  from  the  reaction  mixture,  we 
Isolated  the  same  Bz-acetyl-l,2,3-trimethyllndoles  as  In  the  case  of  the  latter.  Thus,  one  may  consider  the  fol¬ 
lowing  scheme  for  the  conversions  of  the  mediylphenylhydrazone  of  methyl  ethyl  ketone  as  proved. 


It  is  easy  to  see  the  reason  for  the  different  behavior  of  the  phenylhydrazone  and  the  raethylphenylhydra- 
zone  of  methyl  ethyl  ketone  in  the  reaction  examined.  In  the  first  case,  the  reaction  stops  at  the  stage  of  the 
acetyl  derivative  of  tlie  unsaturated  hydrazine,  whose  stability  is  explained  by  the  fact  that  the  free  electron  pairs 
at  the  two  nitrogen  atoms  are  fixed  by  acetylation.  In  the  case  of  the  methylphenylhydrazone,  the  electron  pair 
at  the  nitrogen,  directly  attached  to  the  benzene  ring,  remain  free  and  due  to  this  a  molecular  rearrangement  is 
possible  which  finally  leads  to  1,2,3-trimethyllndole  (IV).  In  the  Interesting  work  of  A.E.  Arbuzov  and  Yu.P. 
Kitaev  on  the  mechanism  of  the  Fischer  reaction  [3],  particular  stress  was  laid  on  the  role  of  the  nitrogen  atom 
removed  from  the  aromatic  ring,  to  which  the  addition  of  a  proton  or  the  formation  of  a  complex  would  strongly 
polarize  the  N“N  and  C  =  C  bonds. 

The  acetylation  of  this  atom  must  also  act  similarly,  which  also  confirms  our  observations.  In  the  case 
where  the  nitrogen  atom  directly  connected  to  the  benzene  ring  is  acetylated,  then  the  ease  with  which  the  Fls- 
cher  reaction  proceeds  must  be  strongly  reduced  due  to  the  fall  in  polarity  of  the  N— N  bond,  as  was  observed  by 
Perkin  and  Plant  [4]  in  the  conversion  of  the  a-acetyl-a-phenylhydrazone  of  cyclohexanone  into  9-acetyl-l, 2,3,4- 
tetrahydrocarbazole.  Unfortunately,  this  acetylphenylhydrazone,  obtained  by  heating  the  phenylhydrazone  with 
acetic  anhydride,  was  not  characterized  sufficiently  fully.  Finally,  with  acetylation  of  both  nitrogen  atoms  in 
the  N -hydrazine,  the  polarity  of  the  N-N  bond  falls  so  much  tiiat  the  Fischer  reaction  cannot  proceed  further. 

At  the  same  time,  we  cannot  agree  with  the  opinion  of  A.E.  Arbuzov  and  Yu.  Kitaev  that  the  Robinson 
scheme  has  an  unnecessary  stage,  the  formation  of  the  unsaturated  diamine,  since  we  obtained  such  a  diamine 
previously  in  the  form  of  the  acetyl  derivative  [1].  The  problem  of  the  exact  character  of  the  molecular  rear¬ 
rangement  in  the  Fischer  reaction  requires  further  experimental  study. 

EXPERIMENTAL 

The  methylphenylhydrazone  of  methyl  ethyl  ketone  (I)  was  prepared  by  boiling  1  mole  of  asymmetric 
methylphenylhydrazine  with  2.5  moles  of  methyl  ethyl  ketone  for  one  hour  with  subsequent  vacuum  distillation. 
The  b.p.  was  80-83*  (2  mm). 

Interaction  of  the  metliyli^ienylhydrazone  of  methyl  ethyl  ketone  with  acetic  anhydride.  33  g  of  the 
methylphenylhydrazone  of  methyl  ethyl  ketone  was  boiled  for  one  hour  with  193  g  of  acetic  anhydride  and 
0.772  g  of  p-toluenesulfonic  acid  monohydrate.  To  the  still  hot  solution  was  added  0.38  g  of  crystalline  sodium 
acetate,  the  acetic  anhydride  removed  in  vacuum  and  the  residue  treated  with  100  ml  of  water.  The  substance 
was  extracted  four  times  with  150 -ml  portions  of  ether.  After  drying  over  magnesium  sulfate,  the  ether  was 
evaporated  and  the  residue  vacuum  distilled  to  give  the  following  fractions:  1st,  4.5  g,  b.p.  86-120*  (2  mm); 

2nd.  8  g,  b.p.  120-175*  (1.5  mm);  3rd.  11.6  g.  b.p.  175-177*  (1.5  mm). 

The  first  fraction  was  a  colorless,  crystalline  substance.  The  m.p.  was  99-100.5*  (from  aqueous  alcohol). 
According  to  elementary  analysis  and  infrared  spectral  [5]  data,  this  substance  was  methylacetanilide,  which  was 
confirmed  by  direct  comparison  with  an  authentic  sample. 

Found‘d  C  72.56,  72.67;  H  7.59,  7.90;  N  9.77.  9.37.  CjHuON.  Calculated‘S  C  72.48;  H  7.39; 

N  9.39. 

The  second  fraction  was  a  mixture  of  substances,  which  was  resolved  chromatograi^Ically.  For  this  purpose. 
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a  solution  of  8  g  of  the  substance  in  500  ml  of  n-heptane  was  passed  through  a  column  containing  160  g  of  alumi¬ 
num  oxide.  A  mixture  of  n-heptane  and  benzene  (4:1)  yielded  fraction  "A,"  which  was  a  mixture  of  substances 
that  could  not  be  separated  by  recrystallization.  Witli  mixuires  of  n-heptane  and  benzene  (3:2,  1:1,  2:3,  1:4) 
and  benzene,  we  obtained  a  substance,  which  had  m.p.  125-126.5*  after  recrystallizatloii  from  n-hexane  (weight 
0.3  g)  and  was  identical  with  the  product  forming  the  bulk  of  fraction  3.  Mixtures  of  benzene  and  ether  (4:1, 
l:l)and  ether  eluted  a  substance  witli  m.p.  91.5-92.5“  (from  n-hexane).  According  to  elementary  analysis  data 
and  the  infrared  spectrum  [tire  presence  of  bands  corresponding  to  the  N— H  group  (3260  cm"*),  an  amide  carbonyl 
group  (1662  cm"*)  and  a  phenyl  ring  (1597  and  1542  cm"*)],  this  substance  was  acetylmethylphenylhydrazine,  as 
was  confirmed  by  direct  comparison  with  a  sample  synthesized. 

Found  *70;  0  66.06,66.15;  11  7.52,7.52;  N  16.85.  C^HaONj.  Calculated  <7o:  C  65.85;  H  7.31;  N  17.06. 

1  g  of  mixture  (A)  obtained  was  dissolved  in  150  ml  of  n-heptane  and  chromatographed  a  second  time  on 
20  g  of  aluminum  oxide.  With  a  mixture  of  n-heptane  and  benzene  (19:1),  the  first  three  fractions  (30  ml  each) 
yielded  0.35  g  of  a  substance,  which  had  m.p.  113.5-114.5*  after  two  recrystallizations  from  n-hexane.  Accord¬ 
ing  to  elementary  analysis  data  and  the  infrared  spectrum,  this  substance  was  an  Isomer  of  the  substance  from  the 
third  fraction.  It  had  the  composition  of  acetyltrimethylindole,  gave  a  red  precipitate  with  2,4-dinltrophenylhy- 
drazine  and  formed  a  plcrate  with  m.p.  145-146.5*.  Since  a  0  =  0  band  was  observed  in  the  infrared  spectrum 
of  tire  substance  at  1680  cm"*,  one  may  postulate  tliat  it  was  6-  or  4-acetyl-l,2,3-trimetIryllndole. 

Found ‘yo:  0  77.35,77.02;  H  7.36,  7.07;  N  6.84.  CqHisON.  Calculated  <70:  0  77.61;  H  7.46;  N  6.96. 

Further  elution  with  the  same  mixture  yielded  0.45  g  of  a  substance  with  m.p.  101.5-102.5*  (many  recrys¬ 
tallizations  from  n-hexane),  which,  according  to  elementary  analysis  data  and  the  infrared  spectrum,  was  an 
isomer  of  the  previously  described  acetyltrimethylindoles.  From  the  position  of  the  0  =  0  band  (1662  cm"*).  It 
Is  most  probable  that  tills  was  7-acetyl-l,2,3-trimethyllndole,  ■This  isomer  gave  a  red  precipitate  with  2,4-di- 
nitrophenylhydrazine  and  formed  a  picrate  with  m.p.  156-157.5*. 

Found  <70:  0  77.11;  H  7.39;  N  6.68,  6.73.  CjaHaON.  Calculated  <70:  0  77.61;  H  7.46;  N  6.96. 

The  third  fraction  was  a  pale-yellow,  crystalline  substance.  The  m.p.  was  126-126.5*  (after  several  re- 
crystallizations  from  aqueous  alcohol  and  carbon  tetrachloride).  According  to  elementary  analysis  data  and  UV 
and  IR  spectra,  this  substance  was  acetyltrimethylindole.  From  the  position  of  the  0  =  0  band  (1656  cm"*)  in  the 
Infrared  spectrum,  one  may  postulate  that  the  substance  was  5-acetyl-l,2,3-trimethylindole. 

Found ‘7o:  0  77.75,77.99;  H  7.37,  7.42;  N  6.92,  7.28.  CiaH^ON.  Calculated  *70:  0  77.61;  H  7.46; 

N  6.96. 

The  substance  formed  a  picrate  as  dark-red  needles  with  m.p.  120.5-121.5*. 

Found  *70:  0  53.73,53.58;  H  3.88,  4.23;  N12.56.13.il.  CigHigON  •  Cgl^fNOglaOH.  Calculated '7o: 

0  53.02;  H4.05;  N  13.02. 

The  2,4-dinitrophenylhydrazone  was  a  reddish,  crystalline  substance  with  m.p.  277-278*. 

Found  ^o:  N  17.90,  17.80.  Ci^HbO^Ns.  Calculated  <70:  N  18.37. 

1,2,3-Trimethylindole  (IV).  40  g  of  the  methylphenylhydrazone  of  methyl  ethyl  ketone  was  boiled  with 
78  g  of  concentrated  sulfuric  acid  In  150  ml  of  anhydrous  alcohol.  When  cool,  the  substance  was  poured  into 
1.5  liters  of  water  and  the  substance  extracted  with  ether.  After  drying  over  sodium  sulfate,  the  ether  was  evap¬ 
orated  and  the  residue  vacuum -distilled  to  give  a  fraction  with  b.p.  103-105*  (1  mm).  The  yield  of  1,2,3-tri- 
methylindole  was  22  g  (62.5*70). 

Found  *70:  0  83.34;  H  8.07;  N  9.28.  CuHiaN.  Calculated  <7o;  0  83.01;  H  8.17;  N  8.81. 

Literature  data  [6]:  m.p.  18*.  b.p.  283-284*  (750  mm). 

Acetylation  of  1,2,3-trimethyllndole.  22  gof  1,2,3 -trimethylindole  was  boiled  for  one  hour  with  143.6  g 
of  acetic  anhydride  and  0.575  g  of  p-toluenesulfonic  acid  monohydrate.  Treatment  of  the  reaction  mixture  as 
described  earlier  yielded  three  fractions:  1st,  3.5  g,  b.p.  150-174*  (2.5  mm);  2nd,  9.3  g,  b.p.  174-175*  (2  mm), 
3rd,  3.5  g,  b.p.  175-177*  (2  mm). 
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Chromatography  of  tlie  first  fraction  on  aluminum  oxide  gave  1.45  g  of  acetyltrlmetliyllndole  with  m.p. 

113. 5-114. 5*  (plcrate  melted  at  145-146*)  and  1.6  g  of  an  isomer  with  m.p.  125-126*,  identical  with  the  com¬ 
pounds  described  previously.  Chromatography  of  the  second  fraction  on  aluminum  oxide  yielded  0.6  g  of  a  sub¬ 
stance  with  m.p.  113.5-114"  and  1.4  g  of  an  isomeric  acetyltrimethylindole  with  m.p.  101-102*  (picrate  melted 
at  156-157*)  and  6.5  g  of  an  isomer  with  m.p.  125.5-126.5".  These  compounds  were  also  identical  with  the  cor¬ 
responding  acetyltrimetliyllndoles  obtained  from  the  methylphenyUiydrazone  of  metiiyl  edtyl  ketone.  Finally, 
after  recrystallization  from  n-hexane,  the  third  fraction  gave  only  the  isomer  with  m.p.  125-126.5",  which  was 
also  identical  with  die  hi^ -melting  isomer  from  the  experiment  described  previously. 

Reduction  of  die  isomeric  acetyl-1, 2, 3-trimethylindoles  by  the  Kizhner  reaction.  A  mixture  of  1.5  g  of 
acetyl-1,2,3 -trimediylindole  wldi  m.p.  126-126.5",  1.05  g  of  sodium  hydroxide,  1.05  g  of  hydrazine  hydrate 
(99.9®^)  and  35  ml  of  di ethylene  glycol  was  boiled  for  one  hour.  Then  heating  was  continued  with  the  simultaneous 
distillation  of  water  until  the  temperature  of  the  reaction  mixture  reached  190-200*.  The  mixture  was  boiled  at 
this  temperature  for  three  hours.  When  the  mixture  had  cooled,  120  ml  of  water  was  added  and  the  reduction 
product  steam -distilled.  The  distillate  was  extracted  with  ether.  The  extract  was  dried  over  sodium  sulfate,  the 
ether  removed  and  vacuum  distillation  of  the  residue  yielded  1.2  g  of  a  substance  with  b.p.  139-141*  (7  mm). 

The  analysis  data  corresponded  to  ethyl-1,2,3 -trimethyllndole. 

Found  <70;  €  87.79,83.64;  H  9.43,  9.20;  N  7.68.  CiaH^N.  Calculated ‘fe  €  83.42;  H9.09;  N  7.43. 

The  picrate  formed  red  needles  with  m.p.  120-121*. 

Found €  55.05,55.03;  H  4.92,  4.66;  N  12.78,  12.70.  €i,H„N  *  CgHjfNOjjljOH.  Calculated  "/o; 

€  54.80;  H4.80;  N  13.47. 

Similarly,  from  acetyl-1,2,3 -trimethyllndole  with  m.p.  113.5-114.5*  we  obtained  ethyl-1, 2, 3-trimethyl- 
indole  as  a  crystalline  substance  with  m.p.  40.5-41*  (the  picrate  had  m.p.  44-46*). 

Elementary  analysis  and  the  IR  spectrum  indicated  that  this  substance  was  an  isomeric  ethyl-1, 2, 3-trl- 
metliyllndole. 

Found  <70:  €  83.23;  H  8.68;  N  7.27,  7.28.  CjaHi^N.  Calculated '7o;  €  83.42;  H  9.09;  N  7.48. 

The  low-melting  acetyl -1,2, 3 -trimethyllndole  (m.p.  101.5-102.5*)  yielded  ethyl-1,2,3 -trimethyllndole 
with  b.p.  115-120*  (3  mm)  as  a  pale-yellow,  nonlabile  oil  which  rapidly  darkened  on  standing.  Due  to  its  in¬ 
stability,  the  substance  was  analyzed  as  the  picrate  with  m.p.  118-120*. 

Found €  54.22;  H  5.36;  N  12.81.  CisH^N •  C6Hj(NOi5),OH.  Calculated  <70;  €54.8;  H4.8;  N  13.47. 

All  the  infrared  spectra  were  obtained  with  an  DCS -11  spectrometer  (NaCl  prism).  The  substances  were  ex¬ 
amined  as  suspensions  in  vaseline  oil  (for  crystalline  compounds)  or  as  thin  layers  (for  liquids). 

The  ultraviolet  spectra  were  plotted  on  an  SF-4  spectrophotometer.  Ethyl  alcohol  was  used  as  the  solvent. 

SUMMARY 

1.  A  study  was  made  of  the  reaction  of  the  methylphenyUiydrazone  of  metliyl  ethyl  ketone  when  heated 
with  acetic  anhydride  in  the  presence  of  p-toluenesulfonic  acid.  It  was  established  that  the  behavior  of  this  sub¬ 
stance  in  tiiis  reaction  differed  from  the  behavior  of  the  phenylhydrazone  of  metiiyl  ethyl  ketone. 

2.  It  was  shown  that  the  products  of  the  above  reaction  were  raethylacetanilide,  acetylmethylphenyUiydra- 
zine  and  also  three  Isomers  of  acetyl-1, 2, 3-trImethylindole. 

3.  It  was  established  that  the  latter  were  the  products  of  further  acetylation  of  1,2,3 -trimediylindole, 
formed  from  the  methylphenyUiydrazone  of  methyl  ethyl  ketone  by  a  normal  Fischer  reaction. 

LITERATURE  CITED 

[1]  N.N.  Suvorov,  N.P.  Sorokina  and  Yu.N.  Sheinker,  J.  Gen.  Chem.  28,  1090  (1958)*;  Chem.  Sci.  and 
Ind.  3,  394  (1957). 

•Original  Russian  pagination.  See  C.B.  translation. 


966 


[2]  L.  Bellamy,  Infrared  Spectra  of  Molecules  [Russian  translation]  (IL,  1957). 

[3]  A.E.  Arbuzov  and  Yu.P.  Kitaev,  J.  Gen.  Chem.  27,  2329  (1957).» 

[4]  W.  Perkin  and  S.  Plant,  J.  Chem.  Soc.  119,  1825  (1921). 

[5]  R.  Randall  et  al.,  Infrared  Determination  of  Organic  Structures  (Van  Nostrand,  New  York,  1949). 

[6]  K.  Brunner,  Monatsh.  17,  265  (1896). 


Received  February  6,  1958 


*  Original  Riusian  pagination.  See  C.B.  translation. 


967 


SYNTHESIS  AND  POLYCONDENSATION  OF  p  -  A  M  IN  O  METH  YL  PH  EN  YL  A  L  K  A  N  E - 
CARBOXYLIC  ACIDS 

M.N.  Bogdanov  and  G.I.  Kudryavtsev 
All-Union  Scientific -Research  histitute  on  Synthetic  Fibers 


Polyamides  containing  benzene  nuclei  in  the  macromolecular  chains  in  addition  to  methylene  and  amide 
groups  are  of  interest  for  the  preparation  of  high-melting  synthetic  fibers.  The  most  convenient  polyamides  for 
this  purpose  are  those  of  the  homopolycondensation  type  from  unbranched  a.wamlno  acids,  containing  p-phenyl- 
ene  groups  in  the  methylene  chains.  As  practice  has  shown,  heteropolycondensation  polyamides  are  less  heat- 
stable,  which  complicates  the  technology  of  their  production  and  spinning. 

Depending  on  the  mutual  disposition  of  the  benzene  nuclei  and  the  functional  groups,  a,w-amlno  acids 
may  he  divided  into  p-((j-aminoalkyl)-benzoic,  p-NH5j(CI^)iiCjHi4CC)OH,  p-aminophenylalkanecarboxylic,  p- 
NM2CjU4(CHj)nC(X)H  and  p-((j-amlnoalkyl)-phenylalkanecarboxylic  acids, p-NH2(CH2)n»C6H4(CH2)n»COOH. 

Wlien  heated,  p-(a;-amlnoalkyl)-benzoic  acids  decompose  [1]  and  p-aminophenylalkanecarboxyllc  acids  form 
polyamides,  which  decompose  in  the  fused  state  [2].  p-(cj-Aminoalkyl)-phenylalkanecarboxylic  acids  have  not 
been  described  in  the  literature.  However,  they  deserve  the  most  attention  since  their  structure  is  most  similar 
to  tliat  of  a, w -amino  acids,  which  form  heat -stable,  fiber -forming  polyamides. 

In  the  present  work  we  synthesized  p-aminomethylphenylacetic  (I),  p-aminomethylphenylpropionlc  (II), 
p-amlnomethylphenylbutyric  (IE)  and  p-amlnomethylplienylvaleric  acids  (IV),  NH2CH2CgH4(CH2)nCOOH  (n  =  1-4). 
The  starting  compounds  were  the  corresponding  p-chlorornethylphenylalkanecarboxylic  acids,  which  we  prepared 
previously  by  chlorom ethylation  of  phenylalkanecarboxylic  acids  [3].  Since  the  chloromethyl  group  of  tliese  com¬ 
pounds  could  not  be  aminated  directly  with  ammonia,  the  amino  acids  were  synthesized  by  decomposition  of  the 
complexes  of  urotropin  with  the  p-halomethylphenylalkanecarboxylic  acids. 

As  recommended  [4],  for  preparing  the  urotropin  complexes,  p-chloromethylphenylacetic,  p-chloromethyl- 
phenylpropionic  and  p-chloromethylphenylvaleric  acids  were  converted  into  the  corresponding  p-iodomethyl- 
phenylalkanecarboxylic  acids.  However,  this  operation  was  found  to  be  unnecessary.  Thus,  the  yield  of  the  uro¬ 
tropin  complex  obtained  directly  from  p-chloromethylphenylbutyric  acid  was  almost  quantitative;  it  is  true  that 
the  reaction  proceeded  more  slowly,  but  the  decomposition  products  of  the  complex  were  not  contaminated  with 
elementary  iodine. 

The  amino  acid  hydrochlorides  obtained  by  decomposition  of  the  urotropin  complexes  were  converted  into 
the  free  amino  acids  by  evaporation  of  an  ammonia  solution  of  them  to  dryness.  The  residue  was  a  mixture  of 
ammonium  chloride  and  the  free  amino  acid,  which  was  freed  from  mineral  impurities  by  recrystallization  from 
water. 


The  amino  acids  synthesized  did  not  have  definite  melting  points;  in  contrast  to  most  amino  acids,  they 
were  moderately  soluble  in  water;  when  heated  they  were  converted  into  hi^ -molecular  polyamides. 

It  was  found  that  the  polyamides  were  not  only  formed  by  maintaining  the  substance  in  a  molten  state. 
High-molecular  polyamides  were  also  formed  from  die  amino  acids  synthesized  at  temperatures  below  the  melt¬ 
ing  point  of  the  polymer  (in  the  solid  phase),  which  is  particularly  important  for  the  preparation  of  thermally  un¬ 
stable  polymers.  The  polyamides  from  (IE)  and  (IV)  were  tough,  white,  horny  bodies,  whose  melts  formed  tough 
fibers  wliich  could  be  drawn  in  the  cold.  The  polyamides  from  (I)  and  (II)  decomposed  when  fused  and,  therefore. 
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tough  fibers  could  not  be  formed  from  the  melts. 
When  the  length  of  the  chain  of  the  polyamide 
was  reduced  by  one  methylene  group  in  the  order 
(IV),  (III),  (II),  the  melting  point  rose  by  approx¬ 
imately  30"  and  in  going  from  (11)  to  (I),  by  60*. 
The  sharp  rise  in  melting  point  of  the  polyamide 
from  (I),  is  apparently  connected  not  only  with 
the  increase  in  die  relative  content  of  amide 
groups,  but  also  with  the  increase  in  die  packing 
density  of  the  macromolecules  due  to  the  sym¬ 
metry  of  the  elementary  units  of  the  polyamide. 

EXPERIMENTAL 

Synthesis  of  amino  acids.  p-Aminomethyl- 
phenylvaleric  acid  (IV).  25.0  g  of  p-chloro- 
methylphenylvaleric  acid  and  17.5  g  of  Nal  were 
dissolved  in  125  ml  of  acetone.  The  solution 
was  boiled  for  30  minutes,  the  liberated  NaCl 
filtered  off  and  the  filtrate  evaporated  to  dry¬ 
ness,  The  residue  was  dissolved  in  300  ml  of  hot 
benzene,  the  solution  decolorized  by  shaking 
with  thiosulfate  solution  and  ±e  solvent  evap¬ 
orated. 

The  residue  was  dissolved  in  150  ml  of 
boiling  chloroform,  a  solution  of  17.5  g  of  uro- 
tropin  in  150  ml  of  chloroform  gradually  added 
through  the  reflux  condenser  and  the  solution 
boiled  for  40  minutes.  We  obtained  43.0  g  of 
urotropin  complex  (85®7o).  The  complex  was  dis¬ 
solved  in  50  ml  of  concentrated  hydrochloric 
acid  by  gentle  heating  and  the  solution  mixed 
with  140  ml  of  ethanol  and  boiled  for  one  hour. 
The  mineral  salt  was  filtered  off  and  washed 
with  ethanol.  The  filtrate  was  concentrated  by 
evaporation  of  the  formal  and  alcohol  to  a  vol¬ 
ume  of  50  ml,  mixed  with  100  ml  of  dilute  (1:1) 
hydrochloric  acid,  evaporated  to  the  consistency 
of  a  thick  syrup*  and  crystallized  from  100  ml 
of  concentrated  hydrochloric  acid.  The  hydro¬ 
chloride  of  the  amino  acid  was  dissolved  in  200 
ml  of  water,  the  solution  neutralized  with  am¬ 
monia  until  a  precipitate  began  to  form  and  ex¬ 
tracted  four  times  with  ether  to  remove  traces 
of  elementary  iodine.  The  extracted  solution 
was  mixed  with  60  ml  of  20*7o  ammonia.  The 
substance  liberated  was  crystallized  from  350  ml 
of  A°Jo  ammonia.  A  small  amount  of  amino  acid 
was  obtained  in  addition  by  evaporation  of  the 
mother  solutions.  Recrystallization  from  380  ml 
of  4*^0  ammonia  (by  solution  and  boiling  the 


•Necessary  to  hydrolyze  the  ethyl  ester  of  the 
amino  acid. 
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Solution  until  crystals  appeared)  yielded  12.5  g  of  p-aminomethylphenylvaleric  acid  (needles).  The  yield  was 
64‘5k. 

Found 0  69.72.69.80;  H  8.24,  8.25;  N  6.75.  6.75'.  CnHiTO^N.  Calculated  <70:  0  69.53;  H  8.26; 

N  6.76. 

p-Aminometliylphenylpropionic  acid  (11).  The  p-iodomethylphenylpropionic  acid  and  the  urotropln  com¬ 
plex  were  obtained  in  the  same  way  as  in  the  previous  experiment.  54  g  of  the  urotropln  complex  was  decom¬ 
posed  with  54  ml  of  concentrated  hydrochloric  acid  and  100  ml  of  ethanol.  After  removal  of  the  mineral  pre¬ 
cipitate,  tlie  solution  was  concentrated  to  a  volume  of  50  ml,  diluted  with  concentrated  hydrochloric  acid  (50  ml) 
and  evaporated  to  dryness.  The  residue  was  dissolved  in  100  ml  of  water,  filtered,  made  alkaline  with  ammonia 
and  evaporated  to  dryness.  The  residue  was  recrystallized  from  250  ml  of  water  and  the  mother  solution  evap¬ 
orated  to  a  volume  of  70  ml.  The  amino  acid  was  recrystallized  from  320  ml  of  water  and  the  mother  solution 
evaporated  to  a  volume  of  100  ml.  We  obtained  10.8  g  of  p-amlnomethylphenylpropionic  acid  as  coarse,  pris¬ 
matic  crystals.  The  yield  was  48^. 

Pound'll);  0  66.97,66.81;  H  7.44,  7.46;  N  7.97,  7.87.  CioHaO^N.  Calculated ‘fe  0  67.01;  H  7.37; 

N  7.82. 

p-Aminomethylphenylacetic  acid  (I).  The  synthesis  was  accomplished  mainly  by  the  procedure  used  for 
preparing  the  previous  amino  acid.  Due  to  the  low  solubility  of  p-iodomethylphenylacetlc  acid  in  chloroform, 
dlchloroethane  was  used  for  die  preparation  of  the  urotropln  complex.  The  yield  of  the  amino  acid  was  21*70, 
calculated  on  the  urotropln  complex. 

Found  *70;  0  65.23,65.36;  H  6.59,  6.57;  N  8.61,  8.75.  C^HijO^N.  Calculated  <7o:  C  65.43;  H  6.71; 

N  8.48. 

p-Amlnomethylphenylbutyrlc  acid  (III).  The  urotropln  complex  was  obtained  directly  from  p-chloromethyl 
phenylbutyric  acid  and  urotropln.  The  complex  was  decomposed  and  the  Intermediate  products  treated  as  in  the 
previous  experiments.  The  yield  of  p-aminopiethylphenylbutyric  acid  (leaflets  from  water)  was  30*7of  calculated 
on  the  urotropln  complex. 

Found  <70;  0  67.75,67.93;  H  7.96,  7.93;  N  7.31,  7.23.  CuH^OaN.  Calculated  *70:  0  68.37;  H7.82; 

N  7.25. 

Poly  condensation  of  amino  acids.  The  polycondensation  of  the  amino  acids  was  carried  out  in  tubes  in 
glass  sleeves  heated  with  Wood's  alloy  and  through  which  pure  nitrogen  was  circulated.  The  results  of  some 
polycondensation  experiments  are  presented  in  the  table. 

SUMMARY 

1.  p-Aminomethylphenylacetic,  p-aminomethylphenylpropionic,  p-aminomethylphenylbutyric  and  p- 
amlnomethylphenylvaleric  acids,  which  are  not  described  in  the  literature,  were  synthesized. 

2.  Polyamides  containing  benzene  nuclei  were  obtained  from  the  amino  acids  named  and  some  of  their 
properties  were  studied. 
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Thiacarbocya nines,  containing  medioxy  groups  in  the  benzthlazole  nuclei,  have  been  described  previously 
[1, 2].  Wltii  this  series  of  dyes,  it  was  established  that  the  introduction  of  methoxy  grcmps  into  the  5,5*-  or  6,6*- 
positions  of  the  diiacarbocyanine  molecule  considerably  shifted  the  absorption  maximum  into  the  long-wave  re¬ 
gion  of  the  spectrum. 

In  the  present  work  we  present  the  synthesis  of  3,3*-diethyl-6,7,6’,7’-bis-(tetramethylene)-thIacarbocya- 
nines,  containing  methoxy  groups  in  the  5, 5’ -positions. 


In  addition,  6,7,6’,7*-bls-(tetramethylene)-thiacarbocyanines  were  prepared  with  nitro,  acetamino  and  hy¬ 
droxy  groups  in  the  hetero  residues. 

The  starting  base  was  synthesized  by  the  scheme 


H2 


Y'""' 

NO., 


\ 


(II) 


H2 


1 

H2's 


sJ\/‘ 


C-CHa 


(III) 
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Hi 

H/  yh 

- 

c-cn.,  I  I  )c-cus 

On  nitration  of  base  (I),  one  might  expect  die  formation  of  a  mixture  of  two  Isomers,  (H)  and  (III).  The 
nltro  product  isolated  from  the  reaction  mixture  had  m.p.  92-103*.  By  fractional  crystallization  from  alcohol, 

It  was  possible  to  Isolate  two  substances  from  It,  one  with  m.p.  139-140*  (yield  32^)  and  the  other  wldi  m.p. 
96-97*  (yield  18.6%).  The  yield  of  the  nltro  derivatives  was,  to  a  large  extent,  dependent  on  the  nitration  tem¬ 
perature.  In  our  experiments,  this  temperature  did  not  exceed  —5*.  Nitration  at  higher  temperatures  led  to  tar 
formation. 

E.D.  Sych  [3]  showed  that  the  introduction  of  acetamlno  groups  into  the  5,5*-  or  6, 6* -positions  of  thlacar- 
bocyanlne  led  to  a  stronger  deepening  in  color  than  the  Introduction  of  the  same  groups  Into  the  4,4*-  or  7,7*- 
positions.  It  was  abo  found  [3]  that  5,5*-dinitro  substituted  thiacarbocyanlnes  had  an  absorption  maximum  shifted 
by  22-25  mp  Into  the  short-wave  region  of  the  spectrum  in  comparison  with  4,4’-,  6,6*-  or  7,7*-dlnltrothlacar- 
bocyanlnes,  whose  absorption  maxima  were  almost  identical  and  lay  within  the  11ml  3  of  582-585  m^^. 

We  prepared  thiacarbocyanlnes  from  nltro  compounds  (II)  and  (HI);  reduction  of  (H)  and  (III)  yielded  amines 
and  dielr  acetyl  derivatives,  which  were  then  converted  into  quaternary  salts  and  dyes. 


Hi 

iW  ^H 

nJ 


On  comparing  the  absorption  maxima  of  the  dyes  we  synthesized  (Table  1)  with  the  data  obtained  by  Sych 
[3],  one  arrives  at  the  conclusion  that  the  isomer  with  m.p.  96-97*  was  2-methyl-4-nitro-6,7-tetramethylene- 
benzthiazole  (D)  and  the  bomer  with  m.p.  139-140*  was  2-methyl-5-nItro-6,7-tetramelhylenebenzthlazole  (HI). 


TABLE  1 


Absorption  Maxima  of  Thiacarbocyanlnes  (IV) 


M.p.  of  the 
starting 
nitrobenz- 

thiazoles 

Absorption  maxima  of  the 

thiacarbocyanines  (in  m^) 

R  =  NOi 

R  =  NHCOCH, 

96-97* 

573 

577 

139-140 

567 

586 

We  ran  into  great  difficulties  in  replacing  the  amino  group  by  a  hydroxyl  group  In  2-methyl-5-amlno-6,7- 
tetrametfiylenebenzthlazole.  When  the  diazo  solution  was  poured  into  boiling  water,  a  substance  precipitated, 
which  dissolved  in  acids,  but  which  was  completely  insoluble  in  organic  solvents.  We  were  unable  to  Isolate  the 
corresponding  hydroxy  derivative  from  it.  No  substitution  of  an  amino  group  by  a  hydroxy  group  in  the  benzthla- 
zole  series  is  described.  We  therefore  considered  it  advantageous  to  develop  this  reaction  on  the  example  of  2- 
m  ethyl  -5  -aminobenzthiazole. 

The  2-methyl-5 -aminobenzthiazole  required  was  obtained  by  reduction  of  2-metliyl-5-nitrobenzthiazole, 
which  is  described  in  the  literature  [4].  We  made  certain  modifications  in  the  method  of  synthesizing  2-methyl- 
5-nitrobenzthiazole.  By  direct  replacement  of  the  bromine  atom  by  the  SNa  group  in  2-bromo-5-nitroanlllne, 
with  subsequent  acetylation  and  closure  of  the  thiazole  ring,  we  obtained  2-methyl-5-nitrobenzthiazole  in  56% 
yield. 
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We  were  unable  to  obtain  2-methyl-5-hydroxybenzthlazole  by  diazotizatlon  of  2-niethyl-5-amInobenz- 
thiazole  in  a  threefold  excess  of  sulfuric  acid  and  adding  the  diazo  solution  obtained  to  boiling  water.  It  was 
found  that  if  diazotized  2-methyl-5-aminobenzthiazole  was  introduced  into  the  theoretically  required  amount  of 
sulfuric  acid,  tlien  it  was  possible  to  obtain  2-methyl-5-hydroxybenzthiazole  in  40^o  yield.  Under  the  same  con¬ 
dition,  2-methyl-6-hydroxybenzthiazole  was  obtained  in  30^o  yield  and  2-methyl-5-hydroxy-6,7-tetramethylene- 
benztliiazole  in  54*^  yield.  Treatment  of  2 -methyl-5 -hydroxy -6,7 -tetramethylenebenzthlazole  in  an  alkaline 
solution  with  dimethyl  sulfate,  gave  a  l&’jo  yield  of  the  corresponding  methoxy  derivative.  The  new  bases  we  syn¬ 
thesized  are  presented  in  Table  2. 

TABLE  2 

Substituted  2-Methyl-6,7-tetramediylenebenz- 
thiazoles 


Substituents 

Yield 
(in  ^0) 

Melting 

point 

4-NOi 

18 

96-  97* 

5-NOi 

32 

139-140 

4-NH2 

53 

129-130 

5-NII2 

76 

156-158 

4-NHCOCH3 

63 

164-165 

5-NHCOCn, 

77 

230-232 

5 -OH 

54 

255-256 

5-OCHj 

66 

88-  89 

When  treated  with  diethyl  sulfate,  the  new  bases  obtained  were  converted  into  ethyl  ethylsulfates,  which 
were  then  condensed  with  orthoesters  of  carboxylic  acids.  By  reacting  6 -bromopropionic  acid  with  2-methyl-5- 
methoxy-6,7-tetramethylenebenzthiazole,  we  obtained  tlie  corresponding  quaternary  salt,  which  was  also  con¬ 
verted  into  a  dye.  The  absorption  maxima  of  the  thiacarbocyanines  synthesized  were  determined  in  ethyl  alco¬ 
hol  (Table  3). 


TABLE  3 


Absorption  Maxima  of  Thiacarbocyanines 


R’ 

^V\  * 

C— CH=C— CH= 


R' 


X- 


The  dyes  were  prepared  by  1. 1.  Levkoev  and  N.N.  Sveshnikov. 


The  data  in  Table  3  show  that  the  Introduction  of  a  hydroxy  or  a  methoxy  group  into  the  5, 5’ -positions 
of  6,7,6*,7*-bis-(tetraniethylene)-thiacarbocyanine  produced  a  shift  in  the  absorption  maximum  into  the  long¬ 
wave  region  of  the  spectrum  by  24  mp,  while  the  Introduction  of  the  same  groups  into  the  5, 5’ -positions  of  the 
unsubstimted  carbocyanine  produced  a  shift  of  only  18-19  mp. 

In  the  series  of  mesoalkyl  substituted  dyes,  the  introduction  of  hydroxy  and  methoxy  groups  into  the  5,5’- 
positions  of  carbocyanlnes  containing  tetrameiiiylene  groups  in  the  6, 7, 6', 7' -positions  also  produced  deepening 
of  the  color,  whidi  was  23-24  mp  for  mesomethyl  substituted  and  only  8-13  mp  for  mesoethyl  substituted  com¬ 
pounds.  When  the  ethyl  groups  on  the  nitrogen  atom  were  replaced  by  8 -carboxyethyl  groups,  there  was  an  in¬ 
significant  deepening  in  color. 


EXPERIMENTAL 

2-Methyl-5-  and  2-methyl-4-nltro-6,7-tetramethylenebenzthlazoles.  Into  a  flask  of  200 -ml  capacity  was 
placed  50  ml  of  sulfuric  acid  (d  1.84),  which  was  cooled  to  O’,  and  to  it  was  gradually  added  30.4  g  (0.15  mole) 
of  2-methyl-6,7-tetramethylenebenztfiiazole,  so  that  the  temperature  did  not  exceed  20®.  The  flask  was  fitted 
with  a  stirrer,  a  dropping  fimnel  and  a  thermometer,  the  solution  cooled  to  —5*  and  a  mixture  of  20  g  of  nitric 
acid  (d  1.51)  and  35  g  of  sulfuric  acid  (d  1.84)  was  added  dropwise  to  it  over  a  period  of  one  hour  with  vigorous 
stirring  at  “■5®  (not  above).  After  the  addition  of  the  nitrating  mixture,  the  mass  was  stirred  at  —5®  for  one  hour 
and  then  poured  onto  1  kg  of  ice  and  left  overnight.  The  precipitated  mass  was  ground  up,  washed  with  water 
and  dried  In  air.  The  weight  was  35  g  and  the  m.p.  92-103®.  The  precipitate  was  dissolved  in  180  ml  of  alcohol 
by  boiling  and  the  solution  filtered  and  cooled  to  room  temperature.  The  crystals  which  precipitated  after  one 
hour  were  filtered  off  and  washed  with  20  ml  of  alcohol.  The  weight  was  18.8  g  and  the  m.p.  124-130®.  Two 
recrystallizations  from  alcohol  yielded  light -yellow  needles  of  2-methyl-5-nitro-6,7-tetramethylenebenzthia- 
zole  with  m.p.  139-140®.  The  yield  was  11.8  g  (32®^). 

Found '7o:  N  11.00,  10.90.  CoHoO^NjS.  Calculated  <70:  N  11.28. 

The  motlier  solutions  were  combined  and  evaporated  to  a  volume  of  50  ml.  Cooling  liberated  a  dark  tar. 
The  light -yellow  solution  was  decanted  and  left  for  four  days.  The  precipitated  needles  of  2-methyl-4-nitro- 

6.7- tetrametliylenebenztliiazole  was  filtered  off,  washed  with  alcohol  and  dried.  The  yield  was  6.8  g  (18.6*70) 
and  the  m.p.  96-97®.  The  melting  point  was  not  changed  by  recrystallization  from  alcohol. 

Found  *70:  N  11.10,  10.94.  CeHgOjNjS.  Calculated  *70:  N  11.28. 

It  was  not  possible  to  isolate  a  base  from  the  dark  tar. 

2-Methyl-5-amino-6,7-tetramethylenebenzthiazole.  Into  a  flask  was  placed  12  g  of  2-methyl-5-nitro- 

6.7- tetrametliylenebenzthiazole  and  60  ml  of  hydrochloric  acid  (d  1.19).  After  solution  of  the  nitro  compound, 

6  g  of  tin  sponge  was  added  at  55®  over  a  period  of  1.5  hours.  The  mixture  was  stirred  for  a  further  three  hours 
at  55®  and  left  overnight.  The  precipitated  double  salt  of  tin  was  dissolved  in  70  ml  of  water.  The  solution  was 
filtered  and  neutralized  with  40*70  sodium  hydroxide  with  cooling.  The  precipitated  oil  crystallized.  The  pre¬ 
cipitate  was  filtered  off,  washed  with  water,  dried,  extracted  with  hot  methanol,  the  alcohol  removed  and  the 
residue  vacuum- distilled.  The  b.p.  was  194-196®  at  5  mm  and  the  m.p.  156-158*.  The  yield  was  8.1  g  (76*7o). 
After  recrystallization  from  methanol,  the  colorless  crystals  had  m.p.  158-159®. 

Found  *7o:  N  13.13,  12.97.  CoH^NxS.  Calculated  *70:  N  12.84. 

2-Methyl-4-amino-6,7-tetramethylenebenzthiazole.  6  g  of  2-methyl-4-nitro-6,7-tetramethylenebenz- 
thlazole  was  reduced  as  described  above.  The  b.p.  was  180-181®  at  4-5  mm.  The  yield  was  2.8  g  (53*7o).  After 
recrystallization  from  methanol,  the  product  had  m.p.  129-130®. 

Found  *7o:  N  13.13,  13.17.  CcHi^NjS.  Calculated  *7o;  N  12.84. 

2-Methyl-5-acetylamino-6,7-tetramethylenebenzthiazole.  1.2  ml  of  acetic  anhydride  was  added  to  a 
solution  of  0.4  g  of  2-methyl-5-amino-6,7-tetramethylenebenzthIazole  in  20  ml  of  benzene.  The  precipitate 
was  filtered  off  and  recrystallized  from  alcohol.  The  yield  was  0.36  g  (77*7o).  The  white,  silky  needles  had  m.p. 
232-233®. 

Found  *7<n  N  10.17,  10.39.  C^HieON^S.  Calculated  *7o:  N  10.76. 
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2-Methyl-4-acctylamlno-6.7-tetramethylenebenzthlazole.  A  mixture  of  1  g  of  amine,  25  ml  of  benzene 
and  n.2  g  of  acetic  anhydride  was  boiled  for  ten  hours.  The  benzene  was  evaporated  and  10  ml  of  water  added 
to  the  residue.  Tlie  precipitate  v/as  filtered  off  and  recrystallized  from  alcohol.  Tlie  yield  was  0.76  g  (63*70). 

The  white  needles  had  m.p.  164-165*. 

Found  *70:  N  10.64,  10.79.  CuIIkONjS.  Calculated  *70:  N  10.76, 

2 -Methyl -5 -aminobenzthiazole.  100  g  of  2-bromo-5-nltroanillne  was  dissolved  in  500  ml  of  alcohol.  To 
the  boiling  solution  was  added  a  hot  solution  of  sodium  disulfide,  prepared  by  dissolving  115  g  of  sodium  sulfide 
and  18  g  of  sulfur  in  200  ml  of  alcohol  by  beating.  Tlie  mixture  was  heated  on  a  water  bath  for  one  hour,  cooled 
and  the  dark-red  crystals  of  the  sodium  salt  of  4-nltro-2-aminothiophenol  filtered  off  and  dried  in  air.  The  yield 
was  87  g  (98*70)  122  g  of  the  sodium  salt  of  4-nitro-2-aminothiophenol  was  dissolved  in  1  liter  of  water,  tlie  solu¬ 

tion  filtered  and  300  ml  of  acetic  anhydride  added  to  it  with  stirring.  To  the  yellow  precipitate  was  added  500  ml 
of  hydrochloric  acid  (d  1.19)  and  the  mixture  heated  on  a  boiling  water  bath  until  the  precipitate  dissolved  com¬ 
pletely  (two  hours).  The  solution  was  diluted  with  water  (1:3),  cooled  and  the  precipitate  filtered  off,  washed 
witJi  water  and  dried.  The  weight  was  66  g  and  the  m.p.  136-137*.  Neutralization  of  the  filtrate  with  ammonia 
precipitated  6  g  of  base  (m.p.  132*),  which  had  m.p.  137*  after  recrystallization  from  alcohol.  The  total  yield 
was  71  g  (56*70).  The  preparation  could  be  used  for  reduction  without  furtlier  purification. 

Into  a  flask  was  placed  500  ml  of  hydrochloric  acid  (d  1.19)  and  100  g  of  2 -methyl-5 -nitrobenzthiazole. 

The  mixture  was  heated  on  a  water  bath  to  75“  and  100  g  of  tin  sponge  added  to  it  in  small  portions  over  a  period 
of  2.5  hours  with  stirring.  Tlie  mixture  was  then  stirred  at  75*  for  four  hours.  On  the  following  day  the  contents 
of  the  flask  were  dissolved  in  1050  ml  of  water  and  liie  solution  filtered,  cooled  and  neutralized  witii  950  ml  of 
.30*7o  sodium  hydroxide  solution,  so  that  the  tin  salts  dissolved  completely.  The  precipitate  of  amine  was  filtered 
off,  washed  with  water,  dried  and  dissolved  in  800  ml  of  methanol,  tlie  solution  filtered,  the  alcohol  removed  and 
the  residue  vacuum- distilled.  Tlie  b.p.  was  167-168*  at  2-3  mm.  The  yield  was  75  g  (89*70)  and  the  m.p.  100-102*. 
According  to  literature  data  [5]  tlie  m.p.  is  102*. 

2-Methyl-5-hydroxybenztiiiazole.  5  g  of  2 -methyl-5 -aminobenzthiazole  was  dissolved  in  15  ml  of  water 
and  2.5  ml  of  sulfuric  acid  (d  1.84).  The  solution  was  cooled  to  —10“  and  diazotized  with  2.1  g  of  sodium  nitrite 
in  4  ml  of  water  at  —5*.  The  dlazo  solution  was  gradually  introduced  dropwise  into  800  ml  of  boiUng  water. 

The  red  precipitate  was  filtered  off,  the  filtrate  extracted  with  etlier,  the  ether  extract  dried  with  potassium  car¬ 
bonate  and  the  ether  evaporated;  light-yellow  crystals  were  left.  Tlie  yield  was  2  g  (40*70)  and  the  m.p.  183-187*. 
After  recrystallization  from  toluene,  the  substance  had  m.p.  187*.  A  mixed  melting  point  with  2-metliyl-5-hy- 
droxybenzthiazole,  obtained  by  another  metliod,  was  not  depressed. 

2-Methyl-6-hydroxybenztliiazole  was  prepared  similarly.  The  yield  was  30*70  and  the  m.p.  157*. 

2 -Methyl-5 -hydroxy-6. 7 -tetramediylenehenzdiiazole.  1.1  g  of  2-methyl-5-amino-6,7-tetramethylene- 
benzthiazole  was  dissolved  in  2  ml  of  water  and  0.35  ml  (0,64  g)  of  sulfuric  acid  (d  1.84)  at  20*.  The  solution 
was  cooled  to  —7“  and  diazotized  with  0.36  g  of  sodium  nitrite  in  2  ml  of  water.  The  diazo  solution  was  intro¬ 
duced  into  200  ml  of  boiling  water.  The  mixture  was  boiled  for  30-40  minutes,  cooled  and  the  red  precipitate 
filtered  off,  washed  with  water  and  dried.  To  free  it  from  coupling  products,  the  base  was  boiled  with  1  ml  of 
benzene  and  the  precipitate  filtered  off,  w.ished  witli  benzene  and  recrystallized  from  alcohol.  The  yield  was 
0.6  g  (54*7o),  and  the  m.p.  was  255-256*. 

Found  *7o:  N  6.48.  6.32.  C12II13ONS.  Calculated  *7®:  N  6.34. 

2-Methyl-5-methoxy-6,7-tetramethylenebenzthiazole.  0.2  g  of  2-methyl-5 -hydroxy-6,7 -tetramethylene- 
benzthiazole  was  dissolved  in  3  ml  of  8*7°  potassium  hydroxide.  To  the  solution  was  added  0.2  ml  (0.27  g)  of  di¬ 
methyl  sulfate  and  the  mixture  stirred  for  one  hour  at  20*.  After  standing,  the  oil  crystallized.  The  base  was  fil¬ 
tered  off,  washed  with  water,  dried,  dissolved  in  benzene  and  cluomatographed  on  aluminum  oxide.  The  yield 
was  0,14  g  (66*7o),  After  recrystallization  from  benzene,  the  substance  had  m.p.  88-89*. 

Found  *7®:  N  5.78,  5.83.  Cigll^ONS.  Calculated  *7o:  N  6.00. 

Promo  -  fl  -carboxyethy  late  of  2-methyl-5-metnoxy-6.7-tetramethylenebenzthiazole.  A  mixture  of  0.5  g 
of  2-methyl-5-methoxy-6,7-tetrametltylenebenztliiazole  and  0.34  g  of  fl -bromopropionic  acid  was  heated  for 
five  hours  at  120“  and  for  ten  hours  at  130*.  1  ml  of  acetone  was  added  to  the  mixture,  which  was  boiled  on  a 
water  bath  for  ten  minutes  and  the  precipitate  filtered  off  and  washed  with  5  ml  of  hot  acetone.  The  yield  was 
0.6  g  (73*7o).  The  white  crystals  had  m.p.  212-214*. 
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Founds  Br  20.88,  21.03.  CigllwOiNSBr.  Calculated ‘Ife  Br  20.45. 

0-Carboxyethyl“p-toluenesulfonate  of  2-methyl-5-methoxy-6,7-tetramethylenebenzthiazole.  To  a  hot 
solution  of  0.5  g  of  tlie  bromo-6 -carboxyethylate  of  2-methyl-5-methoxy-6,7-tetramethylenebenzthlazole  In 
10  ml  of  water  was  added  a  warm  solution  of  0.44  g  of  silver  p-toluenesulfonate  in  10  ml  of  water.  The  mixture 
was  shaken  for  15  minutes  and  the  silver  bromide  filtered  off  and  washed  with  10  ml  of  water.  On  standing,  the 
filtrate  deposited  a  white  precipitate  in  a  yield  of  0.25  g  (36*yo).  Evaporation  of  the  filtrate  in  vacuum  yielded 
0.05  g  of  the  quaternary  salt.  The  total  yield  was  0.3  g  (43*^).  The  colorless  needles  had  m.p.  116-118*. 

Dyes 

3,3*-Dlethyl-5,5*-dlnitro-6,7.6*,7*-bis-tetramethylenethiacarbocyanine  bromide.  A  mixture  of  0.25  g  of 
2-methyl -5-nltro-6,7-tetramethylenebenzthiazole  and  0.16  g  of  diethyl  sulfate  was  heated  for  one  hour  at  135- 
140*.  To  the  quaternary  salt  was  added  0.24  g  of  orthoformic  ester  and  the  mixture  boiled  for  20  minutes.  The 
dye  was  precipitated  with  an  aqueous  solution  of  potassium  bromide  and  recrystallized  from  alcohol.  The  yield 
was  0.14  g  (43%)  and  the  m.p.  220-222*. 

Found  %:  N  8.34,  8.38.  CjjHjiO^N^SjBr.  Calculated  %:  N  8.70. 

3.3*-Dlethyl-4,4’-dlnltro-6,7,6*,7’-bis-tetramethylenetliiacarbocyanine  bromide  was  prepared  similarly. 
After  recrystallization  from  alcohol,  the  yield  was  0.16  g  (50%)  and  the  m.p.  262-263*. 

Found  %:  N  8.23,  8.26.  CjgHjiO^N^SjBr.  Calculated  %;  N  8.70. 

3,3* -Diethyl-5,5* -diacetylamino-6. 7, 6*, 7* -bis-tetramethylenethiacarbocyanine  perchlorate.  After  con¬ 
densation,  tile  dye  was  precipitated  with  a  hot  aqueous  solution  of  sodium  perchlorate  and  recrystallized  from  al¬ 
cohol.  The  yield  was  14%  and  the  m.p.  257-259*. 

Found  %:  N  7.88.  CsaHjjOeN^SjCl.  Calculated  %:  N  8.15. 

3,3*-Diethyl-4,4*-diacetylamino-6,7,6*,7*-bis-tetramethylenethlacarbocyanine  perchlorate  was  obtained 
similarly  to  the  previous  dye.  After  recrystallization  from  alcohol,  the  yield  was  8.7%  and  the  m.p.  217*  (with 
decomp.). 

Found  %;  N  7.95.  Cj3n390gN4S2Cl.  Calculated  %:  N  8.15. 

3,3*-Diethyl-5,5*-dihydroxy-6,7,6*,7*-bis-tetramethylenethiacarbocyanine  perchlorate.  A  mixture  of 
0.33  g  of  2-methyl-5 -hydroxy -6,7 -tetramethylenebenzthiazole  and  0.24  g  of  diethyl  sulfate  was  heated  for  three 
hours  at  135-140*.  To  the  warm  mass  was  added  0.32  g  of  orthoformic  ester  and  2  ml  of  dry  pyridine  and  the 
mixture  boiled  for  20  minutes.  The  dye  was  precipitated  with  sodium  perchlorate.  After  two  recrystallizations 
from  alcohol,  the  yield  was  14%  and  the  m.p.  306-308". 

Found  %;  N  4.80,  4.92.  C29H330eN2S2Cl.  Calculated  %:  N  4.63. 

3,3’ -Diethyl-5, 5*-dihydroxy-6, 7, 6*, 7*-bis-tetramethylene-9-methylthiacarbocyanlne  perchlorate  was  ob¬ 
tained  as  above  by  condensation  of  the  quaternary  salt  with  orthoacetic  ester  in  pyridine  with  the  addition  of  2 
drops  of  acetic  anhydride.  The  yield  was  13%  and  the  m.p.  219-221*. 

Found  %:  N  4.55,  4.28.  CjoHjsOgNjS^Cl.  Calculated  %;  N  4.52. 

3,3*,9-Triethyl-5,5*-dihydroxy-6,7,6*,7*-bis-tetramethylenethiacarbocyanine  perchlorate  was  obtained 
under  similar  conditions  by  condensation  of  the  quaternary  salt  with  orthopropionic  ester.  After  two  recrystalliza¬ 
tions  from  alcohol,  the  yield  was  16%  and  the  m.p.  252-253*. 

Found  %;  N  4.52,  4.39.  CjiH^OgNjSjCl.  Calculated  %:  N  4.42. 

3,3*-Diethyl-5,5*-dimethoxy-6,7,6*,7*-bis-tetramethylenethiacarbocyanine  bromide.  A  mixture  of  0.23  g 
of  2-methyl-5-methoxy-6,7-tetramethylenebenzthiazole  and  0.16  g  of  diethyl  sulfate  was  heated  for  three  hours 
at  135-145*.  The  salt  was  then  converted  into  the  dye  in  the  usual  way.  The  yield  was  0.15  g  (50%).  The  green 
needles  with  a  metallic  luster  had  m.p.  268-269*. 

Found  %;  Br  13.30,  13.05.  C3iH3702N2S2Br.  Calculated  %;  Br  13.05. 

3,3*-Diethyl-5,5*-dimethoxy-6,7,6*,7*-bt5-tetramethylene-9-methylthiacarbocyanine  chloride.  To  the 
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quaternary  salt,  obtained  as  above,  was  added  0.24  g  of  orthoacetlc  ester,  2  ml  of  pyridine  and  two  drops  of  acetic 
anhydride  and  the  mixture  boiled  for  20  minutes.  The  dye  was  precipitated  with  ether,  the  oily  precipitate  dis¬ 
solved  in  10  ml  of  alcohol,  precipitated  with  an  aqueous  solution  of  potassium  chloride  and  recrystallized  from 
alcohol.  The  yield  was  14*^  and  the  m.p.  275-277*. 

Found Cl  6.40;  N  4.79,  4.58.  CbHjjO^NjSxCI.  Calculated Cl  6.08;  N  4.80. 

3,3*,9-Trietfayl-5,5*-dimethoxy-6,7,6*,7*-bis-tetramethylenethiacarbocyanine  bromide.  The  quaternary 
salt  was  obtained  under  analogous  conditions  and  then  condensed  with  orthopropionlc  ester  in  pyridine  with  the 
addition  of  two  drops  of  acetic  anhydride.  After  recrystallization  from  alcohol,  the  yield  was  0.13  g  (41'^)  and 
the  m.p.  269-270*. 

Found‘d:  5  9.75,9.73.  C3jH4iOj,NxS2Br.  Calculated ‘fe  5  9.98. 

3,3*-Dl-(fl  -carboxyetiiyl)-5,5*-dimethoKy-6,7,6*,7'-bis-tetramethylene-9-ethylcarbocyanine  betaine.  A 
mixture  of  0.23  g  of  the  6-carboxyethyl-p-toluenesulfonate  of  2 -methyl-5 -methoxy -6,7 -tetramethylenebenz- 
thlazole  and  0.12  g  of  orthopropionlc  ester  were  dissolved  in  1  ml  of  pyridine  and  the  solution  boiled  for  30  min¬ 
utes  on  a  paraffin  bath  at  120-125*.  On  the  following  day,  the  precipitate  filtered  off,  washed  with  alcohol, 
water,  several  times  with  boiling  alcohol  and  with  ether  and  dried  at  60*.  The  yield  was  13^o  and  the  m.p. 
206-207*. 

Found N  4.66,  4.71.  CJ5H40O6N25,.  CalcuUted  ofe  N  4.32. 

8UMMARY 

1.  5everal  derivatives  of  2-methyl-6,7-tetramethylenebenzthiazole  were  synthesized. 

2.  A  method  was  developed  for  replacing  an  amino  group  by  a  hydroxy  group  through  the  diazo  compound 
in  the  benzthiazole  series. 

3.  Quaternary  salts  and  several  thiacarbocyanines  were  prepared  from  the  newly  described  bases. 

4.  It  was  shown  that  the  Introduction  of  hydroxy  and  methoxy  groups  into  the  5,5’ -positions  of  6,7,6*,7*- 
bis-tetramethylenethlacarbocyanlne  produces  a  bathochromic  shift  in  the  absorption  maximum  by  24  mp. 
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PREPARATION  OF  1 , 6  -  A  N  HY  DROGL  UC  OFURA  N  OS  E 

BY  THE  THERMAL  DECOMPOSITION  OF  CELLULOSE  IN  VACUUM 

O.P.  Golova,  N.M.  Merlls  and  Z.V.  Volodina 
Wood  Institute,  Academy  of  Sciences,  USSR 


In  the  present  work  we  continued  our  study  of  the  chemical  composition  of  the  solid  distillate  obtained  by 
the  thermal  decomposition  of  cellulose  in  vacuum.  According  to  data  of  previous  investigations,  the  solid  dis¬ 
tillate,  formed  from  cellulose  in  Ib^o  yield,  consists  of  IQPjo  levoglucosan  and  also  contains  carbonyl  compounds, 
acids,  their  derivatives  (compounds  with  ester  or  lactone  bonds)  and  phenols.  The  use  of  anionites  made  it  pos¬ 
sible  to  free  the  levoglucosan  from  a  considerable  part  of  the  accompanying  substances  [1].  As  a  result  of  sub¬ 
sequent  removal  of  the  levoglucosan  by  crystallization,  we  obtained  a  syrupy  product,  containing  72*^  of  sub¬ 
stances,  which  showed  an  increased  reducing  capacity  after  hydrolysis,  calculated  on  glucose  anhydride,  and  zero 
rotation.  It  was  possible  to  conjecture  that  together  with  levoglucosan,  the  syrupy  product  contained  dextrorota¬ 
tory  substances:  1)  polymers  of  levoglucosan  [2]  and  2)  its  isomer,  6-1,6-anhydroglucofuranose.  The  latter  was 
previously  isolated  from  the  product  of  the  thermal  decomposition  of  starch  in  vacuum  in 
about  Vh  yield  [3].  This  anhydride  had  not  been  obtained  from  cellulose. 

To  solve  the  problem  of  the  presence  of  polymers,  we  used  the  procedure  developed 
by  Hurd  and  Ligett  for  the  analytical  separation  of  mono-,  dl-  and  trisaccharides  by  the 
vacuum  distillation  of  their  (xropionates  [4].  Only  the  propionate  of  the  monomer  was  found. 
The  problem  of  the  presence  of  1,6-anhydroglucofuranose  was  solved  mainly  by  the  method 
which  was  used  in  the  case  of  the  thermal  decomposition  of  starch  in  vacuum  [3].  The 
neutral  residue  was  acetylated,  the  acetate  vacuum  distilled,  and  the  distillate  hydrolyzed 
and  freed  from  levoglucosan  by  oxidation  with  periodic  acid.  1,6-Anhydroglucofuranose 
was  isolated  as  the  p-nitrobenzoic  ester,  which  was  characterized  by  the  specific  rotation, 
the  melting  point  and  elementary  analysis  data.  In  its  properties,  the  ester  obtained  was  identical  with  the  p- 
nitrobenzoyl  derivative  of  1,6-anhydroglucofuranose.  Judging  by  a  preliminary  calculation  from  data  on  the 
specific  rotation  of  the  syrupy  product  and  the  amount  of  glucose  anhydrides  in  it,  1,6-anhydroglucofuranose  was 
formed  from  cellulose  in  about  3^o  yield. 

The  following  considerations  may  be  put  forward  as  regards  the  mechanism  of  1,6-anhydroglucofuranose 
formation  in  the  thermal  decomposition  of  cellulose  in  vacuum:  1)  under  the  conditions  of  the  thermal  reaction, 
one  cannot  exclude  the  possibility  that  to  a  small  extent  cellulose  is  hydrolytically  cleaved  to  glucose  and  the 
latter  is  converted  into  the  furanose  form  with  subsequent  dehydration;  2)  one  can  postulate  that  at  elevated 
temperatures,  simultaneously  with  rupture  of  the  1,4  glucoside  bonds,  in  a  very  small  portion  of  die  elementary 
units  there  is  rupture  of  the  1,5  hemiacetal  bonds;  subsequent  isomerization  of  the  fragment  formed  could  lead 
to  fl -1,6-anhydroglucofuranose, 
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EXPERIMENTAL 

1.  Separation  of  levoglucosan  from  the  neutral  part  of  the  solid  distillate.  The  neutral  part  of  the  solid 
distillate  was  isolated  according  to  the  procedure  described  jxeviously  [1]  by  successive  filtration  of  an  aqueous 
solution  of  it  through  the  anionites  AN-1  and  EDE-10  and  evaporation  of  the  filtrate  in  vacuum.  The  product  was 
a  white,  crystalline  substance,  which  was  slightly  pasty  when  ground  and  had  m.p,  100-110*;  it  contained  hydroxy- 
aldehydes  and  hydroxyketones  (positive  reaction  with  Benedict's  reagent)  and  ketones  with  the  grouping  of  atoms 
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—CU2~CO—CH2  — (positive  reaction  with  salicylaldehyde)  and  had  —52.8"  (c  4;  water).  Tlie  content  of  re¬ 

ducing  substancta  was  1.33'’/o  and  the  content  of  substances  giving  an  increase  in  the  reducing  capacity,  calculated 
on  levoglucosan,  was  96. 8^0.  The  levoglucosan  was  Isolated  from  the  neutral  product  eitlier  by  treatment  with  an¬ 
hydrous  alcohol  in  the  cold  or  by  recrystallization  from  50%  alcohol  with  an  additional  separation  from  the 
mother  liquors.  After  removal  of  the  levoglucosan,  the  neutral  residue  was  a  light-yellow  syrup  with  a  small 
amount  of  occluded  crystals  and  0".  Its  content  of  reducing  substances  before  hydrolysis  was  1.8%,  cal¬ 

culated  on  glucose,  and  the  content  of  glucose  anhydrides  was  71.76%.  The  yield  of  the  residue,  calculated  on 
cellulose,  was  about  8%.  The  yield  of  glucose  anhydrides  in  the  residue  was  about  5.5%  on  the  weight  of  cellulose. 

2.  Propionylatlon  of  tlie  neutral  residue  and  distillation  of  the  propionates.  The  propionate  of  the  neutral 
residue  was  obtained  by  tlie  usual  metliod  by  the  action  of  excess  (xopionic  anhydride  on  a  solution  of  the  neutral 
product  in  anhydrous  pyridine.  Tenfold  amounts  of  anhydride  and  pyridine  with  respect  to  the  weight  of  the  neu¬ 
tral  residue  were  used  [5].  The  excess  reagents  were  removed  by  pouring  the  reaction  mixture  into  10%  sulfuric 
acid  solution,  witii  subsequent  extraction  of  the  oil  with  ether  and  washing  traces  of  pyridine  and  acid  from  the 
etlier  solution.  From  2  g  of  neutral  residue,  we  obtained  2.3  g  of  propionate  as  a  yellow  syrup  with  [a?®D  —16.3* 
(c  4.85  CHCI3).  lire  tripropionate  of  levoglucosan  has  [af°D  —56.8*  (c  2;  CHGI3)  [6].  There  is  no  data  on  the 
specific  rotation  of  the  tripropionate  of  1,6-anhydroglucofuranose. 

Found  %;  C  54.57;  H  6.65.  M  331.6.  CigHjaOg.  Calculated  %:  G  54.54;  H  6.66.  M  330. 

2.4  g  of  the  propionate  of  the  neutral  residue  was  distilled  at  1.3  *  10"*  mm.  It  was  first  established  that 
tlie  propionate  of  the  monomeric  glucose  anhydride,  levoglucosan,  boiled  at  6.12- 10"*  mm  at  a  bath  tempera¬ 
ture  of  170-180".  The  propionate  of  the  neutral  residue  distilled  at  a  bath  temperature  of  155-182“,  mainly  at 
178-180",  i.e.,  under  tlie  conditions  under  which  the  monomer  distills.  As  a  result  of  the  beginning  of  tar  forma¬ 
tion  (due  to  the  slowness  of  distillation),  the  residue  left  in  the  flask  was  about  18%  of  the  original  propionate. 

The  molecular  weight  of  the  residue  was  366.7.  Consequently,  the  residue  also  contained  the  propionate  of  the 
monomer. 

3.  Identification  of  1,6-anhydroglucofuranose  in  the  neutral  residue.  Treatment  of  4  g  of  the  neutral  resi¬ 
due  with  acetic  anhydride  in  pyridine  yielded  6.57  g  of  acetate,  which  was  distilled  at  0.5  mm  to  give  two  frac¬ 
tions  of  acetate  witJi  tlie  boiling  points  —  1)  112-140"  (2.3  g)  and  2)  140-150"  (1.86  g).  Treatment  of  the  first 
fraction  witli  a  fivefold  amount  of  isopropyl  alcohol  removed  0.4  g  of  levoglucosan  triacetate  from  it.  A  similar 
treatment  of  tlie  second  fraction  did  not  give  positive  results.  The  two  fractions  were  hydrolyzed  with  a  solution 
of  barium  methylate  in  metlianol  [7]  (twofold  excess  of  theoretical)  by  treaniient  at  room  temperamre  for  24 
hoiurs.  Tlie  reaction  mixture  was  evaporated  in  vacuum,  the  residue  dissolved  in  water  and  the  solution  freed 
from  Ba^^  by  the  addition  of  the  calculated  amount  of  0.7  N  II2SO4.  After  filtration,  the  solution  was  evaporated 
in  vacuum.  Hydrolysis  gave  tlie  following  results:  first  fraction,  1.0  g,  [a/®D  +8.0",  reducing  substances  1.88% 
and  anhydride,  80.42%;  second  fraction,  0.8  g,  [a^®D  +4.46",  reducing  substances  1,72%  and  anhydride,  78.57%. 

Tlie  two  fractions  were  oxidized  with  periodic  acid.  Subsequent  treatment  of  the  oxidation  product  (neu¬ 
tralization  of  the  hot  solution  with  barium  hydroxide,  removal  of  the  barium  salts  of  periodic  and  iodic  acids  by 
filtration,  removal  as  die  osazone  of  the  dialdehyde,  formed  by  oxidation  of  the  levoglucosan,  freeing  the  solu¬ 
tion  of  the  oxidation  product  from  excess  phenylhydrazine  by  extraction  with  benzene,  evaporation  of  the  solu¬ 
tion  in  vacuum,  treatment  of  the  residue  with  anhydrous  alcohol  and  evaporation  of  the  latter)  yielded  a  synipy 
substance.  The  syrup  did  not  reduce  Fehling’s  solution  on  boiling,  contained  70.6%  of  glucose  anhydride  and  had 
[af®D  +30*  (c  1.41;  water).  Assuming  that  the  impurities  in  the  glucose  anhydride  (about  30%)  were  optically 
inactive,  the  anhydride  had  [af®D  +42,2"  (c  0.945;  water).  1,6-Anhydroglucofuranose  has  [a]P®D  +43.3*  (c  2; 
water)  and  m.p.  110.5-111.5"  [3]. 

0.16  g  of  syrup  was  treated  with  p-nitrobenzoyl  chloride  in  pyridine.  We  obtained  0.48  g  (80%)  of  a  crude 
product  with  m.p.  222-226",  which  was  purified  by  one  recrystallization  from  a  mixture  of  alcohol  and  acetone 
(1:2).  Tire  m.p.  was  235-236*  and  [a]^®D  +25.6*  (c  0.813;  acetone). 

Found ‘yo:  G  52.93;  H  3.05;  N  6.86.  G27H19O14N3.  Galculated  %;  G  53.20;  113.14;  N  6.90. 

The  p-nitrobenzoyl  derivative  of  D-glucosan  <  1.4>  6  <  1.6 >  has  m.p.  231-232*  and  [a]^D  +25.3*  (c  1.1; 
acetone  [3]. 

For  comparison,  tlie  p-nitrobenzoyl  ester  of  levoglucosan,  which  has  not  been  described  previously,  was 
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prepared  analogously  from  0.324  g  of  levoglucosan.  Two’ recrystallizations,  one  from  a  mixture  of  alcohol  and 
acetone  (1:1)  and  the  second  from  acetone,  yielded  0.5  g  of  substance.  The  m.p.  was  266-258*  and  [af*D  -22.1* 
(c  0.475j  acetone). 

Found  “fe  N  6.84.  Cx^HigOi^Ni.  Calculated‘S^  N  6.90. 

The  considerable  difference  In  die  specific  rotations  of  p-nitrobenzoates  obtained  Indicated  that  they  were 
different  substances. 


SUMMARY 

It  was  shown  that  the  thermal  decomposition  of  cellulose  in  vacuum  formed  1,6-anhydroglucofuranose  in  a 
yield  of  about  3‘Sfe  on  the  weight  of  cellulose. 
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DIMETHYLA  MIDES  OF  A  L  KOX  Y  DIG  HLORO  A  C  E  TIC  ACIDS 

A.V.  Kirsanov  and  V.P.  Molosnova 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  Ukrainian  SSR 


The  action  of  phosphorus  pentachloride  on  aliphatic  esters  of  oxamic  acid  yields  amides  of  alkoxydichloro- 
acetic  acids  [1]  according  to  scheme  (I). 

NH2COCOOR  +  PCI5 -►  POCI3  +  NH2COCCI2OR  (I) 

This  reaction  is  always  accompanied  by  the  formation  of  trichlorophosphazoalkoxydichloroacetyls  [2]  by 
scheme  (II). 

N II2COCCI2OR  +  PCI5  2HC1  4-  Cl3P=NC0CCl20R  (II) 

With  esters  of  dimethyloxamic  acid  the  reaction  cannot  proceed  by  scheme  (II)  and  therefore,  in  the  reac¬ 
tion  of  phosphorus  pentachloride  with  esters  of  dimethyloxamic  acid,  one  would  expect  the  formation  of  only  the 
diinetliylamldes  of  alkoxydichloroacetic  acids  by  scheme  (III). 

(GH3)2NC0C00R  +  PCI5  -♦  POCI3  +  (GH3)2NC0CCl20R  (III) 

Experiment  showed  that  reaction  (III)  proceeds  readily  with  almost  quantitative  yields  for  the  methyl,  ethyl, 
n-butyl  and  isobutyl  esters  of  dimethyloxamic  acid. 

It  was  previously  found  that  reaction  (I)  could  not  be  accomplished  with  aryl  esters  of  oxamic  acid  as  it 
proceeded  more  slowly  than  reaction  (II)  [3].  The  phenyl  ester  of  dimethyloxamic  acid  could  not  react  by  scheme 

(II)  and  therefore  it  was  possible  to  obtain  the  dimethylamide  of  phenoxydichloroacetic  acid  from  it  by  scheme 

(III) . 

The  dimethylamides  of  alkoxydichloroacetic  acids  and  the  dimethylamide  of  phenoxydichloroacetic  acid 
were  liquids  with  a  characteristic  pleasant  smell,  somewhat  reminiscent  of  tarragon.  They  were  all  soluble  in 
acetone,  carbon  tetrachloride  and  benzene  and  more  difficultly  soluble  in  ether  and  petroleum  ether.  When 
treated  with  water  at  room  temperature,  they  were  slowly  hydrolyzed;  heating  with  water  produced  rapid  hydrolysis. 
The  dimethylamide  of  phenoxydichloroacetic  acid  was  hydrolyzed  completely  only  when  boiled  with  excess  so¬ 
dium  hydroxide  solution.  The  chlorine  atoms  in  the  dimethylamides  of  alkoxydichloroacetic  acids  were  extremely 
labile  and  were  readily  replaced  by  the  corresponding  groups  under  the  action  of  alcohols,  alcoholates,  phenols, 
ammonia,  amines  and  other  compounds,  containing  labile  atoms  of  hydrogen  or  metals. 

Thermal  degradation  of  the  amides  of  alkoxydichloroacetic  acids  [3]  yielded  alkyl  halides  and  oxamyl 
chloride,  which  could  not  be  isolated  as  under  the  reaction  conditions  it  split  out  hydrogen  chloride  and  was  con¬ 
verted  into  a  tarry  mass.  Under  thermal  degradation  in  vacuum,  the  dimethylamides  of  alkoxydichloroacetic 
acids  readily  decomposed  according  to  scheme  (IV)  to  give  alkyl  halides  and  dimethyloxamyl  chloride,  which 
was  completely  stable  under  these  conditions. 

(GIl3)2NC0GGl20R  ->  RGl  +  (GIl3)2NGOGOGl  (IV) 
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When  tlie  dimethylamldes  of  alkoxydichloroacetlc  acids  were  heated  slowly  In  vacuum,  they  began  to  de¬ 
compose  at  85-87*,  but  for  the  best  yields  of  dimethyloxamyl  chloride,  the  decomposition  was  best  carried  out 
at  85-100*.  With  the  dimethylamides  of  methoxy-  and  ethoxydichloroacetic  acids,  the  yield  of  acid  chloride 
was  about  90*^.  In  the  case  of  the  dimethylamides  of  butoxydichloroacetic  acids,  the  yields  were  considerably 
less  since  during  the  distillation,  a  considerably  larger  amount  of  tarry  substances  was  formed. 

When  heated  above  95*  under  atmospheric  pressure,  the  dimethylamides  of  methoxy-  and  ethoxydichloro¬ 
acetic  acids  decomposed  wltfi  the  evolution  of  almost  the  theoretical  amounts  of  alkyl  halides,  but  the  dimethyl¬ 
oxamyl  chloride  formed  was  converted  into  a  thick,  dark,  tarry  mass  under  these  conditions.  When  heated  at  at¬ 
mospheric  pressure,  the  dimethylamides  of  butoxydichloroacetic  acids  decomposed  at  115-120*. 

Dimethyloxamyl  chloride  was  a  colorless  liquid  with  a  peculiar  sharp  smell  and  boiled  at  61-63*  at  3  mm 
pressure.  It  was  readily  soluble  in  benzene,  dioxane  and  carbon  tetrachloride,  somewhat  more  difficultly  in  ether 
and  was  difficultly  soluble  in  petroleum  ether.  The  structure  of  dimethyloxamyl  chloride  was  quite  rigidly  proved 
by  its  composition,  the  preparation  method  and  the  chemical  properties.  When  treated  wi^  water,  it  gave  a 
quantitative  yield  of  dimethyloxamic  acid,  whose  properties  corresponded  to  those  described  in  the  literature  [4]. 
When  treated  with  ammonia,  the  dimethyloxamyl  chloride  gave  an  86.0^o  yield  of  N,N-dimethyloxamide,  whose 
properties  conesponded  to  those  described  in  the  literature  [4].  When  treated  with  sodium  arylates,  dimethyl¬ 
oxamyl  chloride  gave  the  previously  unknown  aromatic  esters  of  dimethyloxamic  acid  by  scheme  (V). 

(CHglaNCOCOCl  +  NaOAr  ->  NaCl  -f  (CHglzNCOCOAr  (V) 

The  phenyl  and  p-nitrophenyl  esters  of  dimethyloxamic  acid  were  colorless,  crystalline  substances  of  a 
neutral  cliaracter,  which  were  very  slowly  hydrolyzed  by  water  at  room  temperature.  In  the  presence  of  alkali 
the  hydrolysis  proceeded  so  rapidly  that  these  esters  could  be  titrated  with  a  0.1  N  solution  of  sodium  hydroxide 
in  the  presence  of  phenolplithalein  at  die  same  rate  as  free  acids.  The  same  aromatic  esters  of  dimethyloxamic 
acid  were  obtained,  but  in  lower  yields,  from  the  dimethylamides  of  methoxy-  and  ethoxydichloroacetic  acids 
and  phenol  by  die  scheme  (VI). 


(Cnal^NCOCCljOR  +  ColIsOH  ->  HCl  +  RCl  +  (GHalzNCOCOOCaHs 
EXPERIMENTAL 


(VI) 


Only  the  medayl  and  ethyl  esters  of  dimethyloxamic  acid  are  described  in  the  literature  [5]. 

Butyl  and  isobutyl  esters  of  dlmediyloxamic  acid  C^H^OCOCONfCHa)^.  With  vigorous  stirring,  a  cooled 
solution  of  0.33  mole  of  dimethylamine  in  anhydrous  ethanol  was  added  to  a  mixture  of  0.3  mole  of  dibutyl  or 
diisobutyl  oxalate  and  30  ml  of  anhydrous  ethanol,  cooled  to  0*.  After  six  hours  the  ethanol  was  removed  in 
vacuum  and  the  residue  vacuum- distilled  on  a  small  column.  A  second  distillation  yielded  pure  esters,  which 
were  colorless  liquids  without  an  odor,  but  with  a  bitter  taste.  They  were  miscible  with  ether,  benzene,  carbon 
tetrachloride  and  acetone,  dissolved  in  alcohol,  dissolved  with  difficulty  in  petroleum  ether  and  were  almost  in¬ 
soluble  in  water. 

The  yield  of  the  butyl  ester  was  70*70: 

b.p.  94-95*  at  3  mm,  1.0591,  n*®D  1.1450,  MR^  43.48}  calc.  44.75. 

Found  *70:  N  8.29.  C^HgOsN.  Calculated  *70:  N  8.10. 

The  yield  of  the  isobutyl  ester  was  68*70: 

b.p.  96-98*  at  3  mm,  (?\  1.0588,  n*®D  1.4445,  MR^  43.45;  calc.  44.75. 

Found  *7o;  N  8.91.  CgHjs03N.  Calculated  *7®:  N  8.10. 

Dimethylamides  of  alkoxydichloroacetlc  acids.  With  continuous  stirring,  0.1  mole  of  finely  powdered  PCI5 
was  added  to  a  mixture  of  0.1  mole  of  the  appropriate  ester  of  dimethyloxamic  acid  and  30  ml  of  CCl^  and  the 
mixture  heated  on  a  water  bath  at  30*.  After  10-15  minutes,  the  reaction  was  complete,  as  indicated  by  solution 
of  the  PCI5.  No  gases  were  evolved  during  the  reaction  and  the  weight  of  the  reaction  mixture  did  not  change. 
After  a  further  15  minutes,  the  CCl*  and  POCI3  were  distilled  off  in  vacuum  at  40*  with  a  receiver  cooled  to  *-70*. 
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By  the  usual  methods, it  was  found  that  the  distillate  contained 
0.0935  mole  of  PCXi:i3  (93.5'^^j).  The  residue  was  the  dimethyl- 
amide  of  the  corresponding  alkoxydichloroacetic  acid;  the 
yields  were  almost  quantitative  (see  table). 

Dimethylamide  of  phenoxydichloroacetic  acid.  A  mix¬ 
ture  of  0.01  mole  of  the  phenyl  ester  of  dimethyloxamlc  acid 
and  0.0105  mole  of  finely  powdered  PCI5  was  placed  in  a  flask 
connected  to  a  receiver  cooled  to  —70*  and  heated  on  an  oil 
bath  in  a  vacuum  of  2  mm.  The  reaction  was  complete  in  20 
minutes  at  70*  and  almost  the  theoretical  amount  of  POCI5 
distilled  over.  The  dimethylamide  of  phenoxydichloroacetic 
acid  remained  in  the  flask  as  a  thick  liquid  with  a  characteris¬ 
tic  smell;  the  yield  was  99^o. 

Thermal  degradation  of  dimethylamides  of  alkoxydi- 
chloroacetic  acids  (by  scheme  IV).  Dimethyloxamyl  chloride 
(CHj)2  NCOCOCL  The  dimethylamide  of  methoxy-  or  ethoxy- 
dichloroacetic  acid  was  distilled  in  vacuum  (3  mm)  on  an  oil 
bath  heated  to  115*.  After  ten  minutes  the  acid  chloride  be¬ 
gan  to  distill;  the  temperature  in  the  vapor  was  69-70*.  The 
degradation  was  complete  after  one  hour.  In  the  flask  re¬ 
mained  0.5-0. 6  g  of  a  viscous  tar  and  the  distillate  contained 
dimethyloxamyl  chloride.  For  a  final  purification,  the  product 
was  vacuum  distilled  and  had  b.p.  61-63*  at  3  mm.  The  yield 
of  the  acid  chloride  from  the  dimethylamide  of  methoxydi- 
chloroacetic  acid  was  921/0  and  from  the  dimethylamide  of 
ethoxy dichloroacetic  acid,  86.0^o. 

1.2375,  n*®D  1.4620,  MRp  30.12;  calc.  29.50. 

Found  1/0:  N  10.14,  10.06;  €1  26.13,26.00.  Equiv. 
after  hydrolysis  (with  phenolphthalein)  2.02,  1.98.  C4HgOj[NCl. 
Calculated  1/0;  N  10.34;  €126.17.  Equiv.  after  hydrolysis 
(wltli  phenolphthalein)  2.00. 

Hydrolysis  of  dimethyloxamyl  chloride,  To  0.01  mole 
of  dimethyloxamyl  chloride  was  added  1.0  ml  of  water  and 
the  mixture  left  at  room  temperature.  After  1-2  hours,  crys¬ 
tals  of  dimethyloxamlc  acid  began  to  precipitate.  Excess 
water  was  removed  by  evaporation  in  vacuum  at  room  tem¬ 
perature.  The  residue  was  dimethyloxamlc  acid  (99^o).  After 
recrystallization  from  methanol  (2.5  ml  to  1.5  g),  the  long 
(up  to  10  mm),  fine  needles  had  m.p.  130-131*,  which  agrees 
with  literature  data  [4].  The  equivalent  and  composition  of 
the  substance  (nitrogen  content)  corresponded  to  dlmethylox- 
amic  acid. 

Reaction  of  dimethyloxamyl  chloride  with  ammonia. 
Ammonia  was  passed  for  20  minutes  through  a  solution  of 
0.05  mole  of  dimethyloxamyl  chloride  in  100  ml  of  CgHg. 

The  solution  heated  up  and  a  voluminous  precipitate  of  am¬ 
monium  chloride  and  the  reaction  product  formed.  The  mix¬ 
ture  was  heated  to  boiling  and  filtered.  The  precipitate  was 
extracted  a  second  time  with  50  ml  of  boiling  benzene.  The 
cooled  filtrate  deposited  N,N-dimethyloxamide  (86.0^o)  with 
m.p.  102-104*,  which  agrees  with  literature  data  [5].  The  ni¬ 
trogen  content  of  the  substance  corresponded  to  that  of  N,N- 
dlmethyloxamide. 


983 


Phenyl  ester  of  dlmethyloxamlc  acid  C#I^CX:CX:ON(CHj)j.  A.  From  dimethyloxamyl  chloride  (by  scheme 
V).  To  a  mixture  of  0.02  mole  of  sodium  phenolate  and  30  ml  of  C*Hj  was  added  0.02  mole  of  dimethyloxamyl 
chloride  with  vigorous  stirring.  The  mixture  heated  up  due  to  the  heat  of  reaction  and  the  form  of  the  precipitate 
changed.  To  complete  ^e  reaction,  the  mixture  was  heated  on  a  water  bath  for  one  hour  at  55-60*,  the  sodium 
chloride  was  then  sucked  off  (yield  100.00^)  and  the  benzene  removed  from  the  flltrate  in  vacuum.  The  residue 
was  the  crude  phenyl  ester  of  dlmethyloxamlc  acid  (99. (fh)  as  an  almost  colorless  liquid  which  crystallized  on 
cooling.  For  purification,  the  substance  was  wa^ed  with  water  (10  x  5  ml)  and  recrystalUzed  from  CClii  the 
yield  was  Bb.O*^  the  fine,  colorless  prisms,  up  to  10  mm  in  length,  had  m.p.  75-77*. 

Found‘d.  N  7.19,  7.20.  Equlv.  after  hydrolysis  (with  phenolphthalein)  1.02.  CioHnO^.  Calculated  *yo: 

N  7.26.  Equiv.  after  hydrolysis  1.00. 

The  phenyl  ester  of  dimethyloxamic  acid  was  readily  soluble  in  methanol,  dioxane,  acetone  and  benzene, 
more  difficultly  soluble  in  ether  and  ethanol,  even  more  difficultly  so  in  carbon  tetrachloride  and  almost  insoluble 
in  water  and  petroleum  ether. 

B.  From  the  dimethylamide  of  methoxy-  or  ethoxydidiloroacetic  acid  (by  scheme  VI).  A  mixture  of  0.02 
mole  of  the  dimethylamide  of  methoxy-  or  ethoxy dlchloroacetic  acid  and  0.02  mole  of  phenol  was  heated  far 
one  hour  at  70-80*.  This  liberated  85^  of  the  theoretical  amount  of  HCl  and  95*70  of  C1%C1  or  which 

were  trapped  and  determined  by  the  usual  methods.  The  flask  contained  die  crude  phenyl  ester  of  dimethylox¬ 
amic  acid  as  an  orange  liquid,  which  rapidly  crystallized.  The  substance  was  transferred  to  a  filter,  washed  with 
water  (10  x  5  ml),  dried  in  vacuum  and  recrystallized  twice  from  CCI4  (8  ml);  the  yield  was  52.0*^  the  colorless 
needles  had  m.p.  75-77’  and  did  not  depress  die  melting  point  of  phenyl  dimethyloxamate  obtained  from  di¬ 
methyloxamyl  chloride. 

p-Nitrophenyl  ester  of  dimethyloxamic  acid,  p-N0^C6H40C0C0N(CHj)2.  A  mixture  of  0.04  mole  of  sodium 
p-nltrophenolate,  60.O  ml  of  dioxane  and  0.04  mole  of  dimethyloxamyl  chloride  was  heated  with  vigorous  stirring 
on  a  water  bath  at  60*  for  30  minutes.  The  mixture  was  then  heated  to  boiling,  the  sodium  chloride  filtered  off 
and  the  dioxane  removed  from  the  filtrate  in  vacuum.  The  residue  was  recrystallized  from  50  ml  of  anhydrous 
ethanol,  when  the  yield  was  65.0*70.  The  p-nltrophenyl  ester  of  dimethyloxamic  acid  crystallized  as  colorless, 
narrow,  right-angled  prisms,  up  to  40  mm  in  length,  with  m.p.  150-152*. 

Found  <70:  N  11.98,  11.90.  C10H10O5N2.  Calculated  *70:  N  11.77. 

SUMMARY 

1.  The  action  of  phosphorus  pentachloride  on  aliphatic  and  the  phenyl  ester  of  dimethyloxamic  acid  gave 
the  dimethylamides  of  alkoxydichloroacetic  acids  and  the  dimethylamide  of  phenoxydichloroacetic  acid. 

2.  Thermal  degradation  of  the  dimethylamides  of  alkoxydichloroacetic  acids  yielded  dimethyloxamyl 
chloride. 

3.  Aromatic  esters  of  dimethyloxamic  acid  were  obtained  by  the  action  of  sodium  arylates  on  dimethyl¬ 
oxamyl  chloride  or  by  the  action  of  phenols  on  the  dimethylamides  of  alkoxydichloroacetic  acids. 
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ARYL  PHENYLDICHLOROPHOSPHAZOSULFONES 


V.I.  Shevchenko  and  Zh.V.  Merkulova 
Dnepropetrovsk  Metallurgy  Institute 


Recently.  A.V.  Kirsanov  [1]  found  a  reaction  by  which  it  was  possible  to  prepare  phos[diazoacyls  by  scheme  (I). 

AcN  Hj  +  PCls  ->  2HC1  -f  AcN=PCl8  (I) 

By  use  of  phosphazo  reaction  (I),  A.V.  Kirsanov  et  al.  [2]  obtained  a  series  of  new  derivatives  of  phosphoric 
acid  of  the  most  varied  types.  However,  up  to  now  the  phosphazo  reaction  had  not  been  used  for  the  preparation 
of  true  organophosphorus  compounds  in  which  the  phosphorus  atom  is  attached  to  a  carbcm  atom.  It  seemed  quite 
probable  that  the  phosphazo  reaction  would  not  only  occur  with  phosphorus  pentachloride,  but  also  with  alkyl- 
and  arylphosphorus  tetrachlorides,  dialkyl-  and  diarylphosphoms  trichlorides  and  trialkyl-  and  triarylphosphorus 
dichlorides.  Experiment  confirmed  this  hypothesis.  The  action  of  phenylphosphoms  tetrachloride  on  amides  of 
aromatic  sulfonic  acids  gave  good  yields  of  aryl  phenyldichlorophosphazosulfones  by  scheme  (II). 

ArSOaN +  C6H5PCI4  2HC1  +  ArS02N=P(C6H6)Cl2  (II) 

The  aryl  phenyldichlorophosphazosulfones  were  colorless,  crystalline  substances  or  thick,  viscous  liquids, 
which  did  not  distill  in  vacuum  without  decomposition.  They  were  all  readily  soluble  in  acetone,  toluene,  hot 
benzene  and  ethyl  acetate,  difficultly  soluble  in  carbon  tetrachloride  and  insoluble  in  petroleum  ether.  The 
liquid  aryl  phenyldidilorophosphazosulfones  were  miscible  with  diethyl  ether,  benzene  and  ethyl  acetate. 

The  aryl  phenyldichlorophosphazosulfones  reacted  readily  with  amines,  alcohols  and  phenolates.  They 
were  hydrolyzed  by  water  at  room  temperature  to  arylsulfonamidophenylphosphinic  acids. 

ArS02N=P(C6H5)Cl2  +  2H2O  ->  2HC1  +  ArS02N  H— PCeH6(0)OH  (lU) 

Aryl  phenyldichlorophosphazosulfones  may  also  be  obtained  by  a  second  phosphazo  reaction  (IV),  first  pro¬ 
posed  by  Mann  and  Chaplin  [3]  and  then  employed  widely  for  the  preparation  of  various  j^osphazo  compounds  [4]. 

ArSOzNNaCl  -f  CeH5PCl2  NaCH-  ArS02N=P(CoH5)Cl2  (IV) 

Reaction  (IV)  proceeds  very  vigorously  in  the  absence  of  solvent  and  is  accompanied  by  considerable  tar 
formation.  However,  when  a  solvent  is  used  it  is  not  possible  to  obtain  pure,  crystalline  products.  Apparently, 
crystallization  is  impeded  by  side  products,  formed  by  the  action  of  sodium  salts  of  the  chloroamides  on  the 
phenyldichlorophosphazo  compounds.  Phenyl  phenyldichlorophosphazosulfone,  obtained  by  scheme  (IV).  was 
identified  by  conversion  in  l^o  yield  into  the  readily  crystallizable  monomethyl  ester  of  phenylsulfonamido- 
phenylphosphinic  acid,  which  is  difficultly  soluble  in  water. 

CeHBS02N=P(CeH6)Cl2 -f  SCHsONa  -►  2NaCl  +  CH3OCII3 + 

+  CeH5S02NNa-PCoH5(0)OCH3 

CeH5S02NNa— PC8H5(0)0CH3-f  HCl  -►  NaCl  +  CeUgSOaNH— PCoH5(0)OCH3 
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Aiyl  Phenyldlchlorophosphazosulfones  ArSOjN  =  P(GgH5)Clj 


Ar 

Yield 

M.p. 

Equiv.  after 

hydrolysis, 

found 

Empirical  formula* 

CeHs 

80.0 

3.98 

O12H10O2NSPCI2 

101.0 

Viscous  oil 

3.87 

C13H12O2NSPCI, 

P‘CH5CflH4 

101.5 

The  same 

3.85 

Ci3H,202NSPCl2 

p-ClCeH* 

102.0 

» 

3.92 

C12H0O2NSPCI3 

0-N02C,H4 

92.5 

73—75 

3.99 

C12H0O4N2SPCJ2 

m-N02C6H4 

92.0 

99-100 

3.94 

C12HQO4N2SPCI2 

P-N  020,114 

90.0 

171—174 

3.99 

C12H9O4N2SPCI2 

a-CjnH7 

82.0 

99—102 

3.94 

^16^1202NSPCl2 

P-C,oH7 

101.2 

Tar 

3.94 

Cl6Hi202NSPCl2 

*  Calculated  equiv.:  4.00. 


Thus,  there  is  no  doubt  that  phenyl  phenyldidilorophosphazosulfone  was  obtained  by  scheme  (IV)  in  more 
than  75*^  yield. 

The  table  lists  the  aryl  phenyldichlorophosphazosulfones  of  the  type  ArSOjN  =  P(Cel%)Cl2,  obtained  by 
scheme  (I). 


EXPERIMENTAL 

Reaction  of  aryl  sulfonamides  with  phenylphosphorus  tetrachloride.  Phenylphosphorus  tetrachloride  and  the 
corresponding  phosphazo  compounds  react  very  readily  with  atmospheric  moisture,  therefore  all  operations  had  to 
be  performed  in  a  dry,  inert  gas  atmosphere. 

Equimolecular  amounts  (0.05  mole)  of  ai)  lsulfonamlde  and  phenylphosphoms  tetrachloride  were  fused  to¬ 
gether  (70-75*).  For  the  preparation  of  phenylphosphazo  compounds  from  o-  and  m-nitrobenzenesulfonamides, 
the  mixture  was  heated  to  100*  and  with  p-nitrobenzenesulfonamide,  to  175*.  At  the  given  temperatures  the  re¬ 
action  proceeded  very  readily  and  about  80^  of  the  hydrogen  chloride  was  liberated  over  a  period  of  15-20  min¬ 
utes.  To  complete  the  reaction,  the  mixture  was  heated  for  a  further  30  minutes.  For  the  determination  of  the 
amount  of  hydrogen  chloride  liberated,  the  latter  was  flushed  throu^  wldi  dry  carbon  dioxide  and  absorbed  in 
water.  From  85-95*70  of  the  hydrogen  chloride  was  thus  trapped. 

In  the  preparation  of  p-nitrophenyl  phenyldichlorophosphazosulfone,  the  reaction  mixture,  which  crystallized 
on  cooling,  was  ground  and  carefully  washed  several  times  with  benzene  and  then  with  absolute  ether.  In  the 
preparation  of  the  other  phosphazo  compounds,  die  reaction  mixtures  were  uncrystallizable  or  very  difficultly 
crystallizable,  viscous  liquids.  For  the  isolation  of  crystalline  phosphazo  compounds,  the  liquid  reaction  mixture 
was  treated  with  a  small  amount  of  absolute  ether.  Sometimes  the  phosphazo  compound  set  to  a  crystalline  mass 
when  the  mixture  was  simply  stirred.  In  the  case  of  the  m-nltro  derivative,  sometimes  crystallization  only  oc¬ 
curred  after  cooling  to  -20*  and  subsequent  storage.  Phenyl  phenyldichlorophosphazosulfone  was  comparatively 
readily  soluble  in  ether  at  room  temperature  and  therefore  it  was  crystallized  from  concentrated  solutions  with 
cooling.  The  crystallized  phosphazo  compounds  were  sucked  off  and  washed  several  times  with  ether.  The  crys¬ 
talline  phosphazo  compounds  obtained  in  this  way  were  quite  pure  substances,  suitable  for  further  syntheses. 

Where  required,  they  could  be  recrystallized  from  ether,  ethyl  acetate  or  another  suitable  solvent,  but  the  melt¬ 
ing  points  of  the  recrystalUzed  products  were  raised  by  only  2-3*.  The  table  gives  the  yields,  melting  points  and 
titration  data  of  unrecrystallized  products.  The  liquid  phosphazo  compounds  were  obtained  in  a  less  pure  state, 
since  tiiey  could  not  be  distilled  in  vacuum  (at  1  mm)  without  decomposition. 

Preparation  of  phenyl  phenyldichlorophosphazosulfone  from  phenyldichlorophosphine  and  the  sodium  salt 
of  benzenesulfonochloramide.  With  cooling  and  stirring,  an  equimolecular  amount  of  the  dry  sodium  salt  of  the 
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chloramide  was  added  in  small  portions  to  a  solution  of  0.05  mole  of  phenyldlchlorophosphlne  in  30  ml  of  dry 
benzene.  The  reaction  proceeded  very  vigorously.  The  reaction  mixture  was  heated  to  boiling  for  15  minutes 
and  poured  Into  200  ml  of  dry  benzene.  The  precipitated  sodium  chloride  was  filtered  off  and  the  filtrate  evap¬ 
orated  In  vacuum  on  a  water  bath.  The  residue  was  a  colored,  uncrystalUzable  liquid.  The  yield  was  89.8^o. 

Found:  equlv.  after  hydrolysis  3.95.  CuIIioPjNSPCIj.  Calculated:  equiv.  after  hydrolysis  4.00. 

Preparation  of  monomethyl  ester  of  phenylsulfonamidophenylphosphinic  acid.  Into  a  three -necked  flask, 
fitted  with  a  reflux  condenser,  a  stirrer  and  a  dropping  funnel,  was  placed  10  ml  of  anhydrous  methyl  alcohol 
and  0.01  g-at.  of  sodium.  When  the  sodium  had  dissolved,  a  solution  of  0.003  mole  of  phenyl  phenyldichloro- 
phosphazosulfone  in  10  ml  of  benzene  was  added  dropwlse  with  vigorous  stirring.  The  mixture  was  heated  for  0.5 
hours  at  50*  and  then  the  benzene  and  alcohol  were  removed  in  vacuum  on  a  water  bath.  The  dry  residue  was 
dissolved  In  10  ml  of  water  and  acidified  with  hydrochloric  acid.  The  monomethyl  ester  precipitated  was  sepa¬ 
rated  and  washed  well  with  water.  It  was  purified  by  recrystallization  from  bOPjo  alcohoL  The  yield  was  75*^ 
and  the  m.p.  172-173*. 

Found ‘!7o:  oai3  9.91.  Equiv.  1.02.  CoHnO^NSP.  Calculated  <170:  OCH,  9.97.  Equlv.  1.00. 

SUMMARY 

The  action  of  phenylphosphorus  tetrachloride  on  aryl  sulfonamides  yielded  aryl  phenyldichlorophosphazo- 
sulfones. 
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SYNTHESES  WITH  COMPLEX  COMPOUNDS 

IV.  PREPARATION  OF  PHENOLINDOPHENOL-3.3*-DICARBOXYLIC  ACID 

V.I.  Kuznetsov  and  A. A.  Nemodruk 

Institute  of  Geochemistry  and  Analytical  Chemistry,  Academy  of  Sciences,  USSR 


The  presence,  under  appropriate  conditions,  of  so-called  intramolecular  dissociation  in  cyclic  salts  may 
have  a  substantial  effect  on  their  reactivity  [1,2].  In  comparison  with  the  compounds  forming  them,  such  cyclic 
salts  may  have  an  increased  or  even  qualitatively  new  reactivity.  The  behavior  of  the  cyclic  aluminum  salt  of 
salicylic  acid,  described  in  the  present  article,  will  serve  as  an  example  of  the  latter  case.  Under  the  action  of 
dilute  nitric  acid,  salicylic  acid  itself  or  sodium  salicylate  do  not  form  die  same  products  as  are  given  by  cyclic 
aluminum  salicylate. 

Wlien  a  mixture  of  salicylic  acid  and  aluminum  nitrate  was  heated,  the  reaction  mixture  acquired  an  in¬ 
tense  blue  color.  The  intensity  of  the  color  developed  to  the  greatest  extent  when  the  amount  of  aluminum  ni¬ 
trate  was  not  less  tiian  a  fourfold  excess, widi  respect  to  salicylic  acid.  It  was  also  strongly  dependent  on  the  con¬ 
centration  and  the  optimal  was  when  there  was  8-10  times  the  amount  of  water  as  salicylic  acid.  The  pH  of  the 
reaction  mixture,  the  temperature  and  heating  time  were  of  considerable  importance.  The  best  results  were  ob¬ 
tained  witii  a  heating  period  of  4-5  minutes  at  100*.  Cooling  the  reaction  mixture  and  acidifying  it  with  hydro¬ 
chloric  acid  yielded  the  colored  substance  formed  during  the  reaction  and  it  was  found  to  be  phenoUndophenol- 
3,3* -di carboxylic  acid  in  56*70  yield.  This  was  the  first  time  It  had  been  prepared.  Besides  phenolindophenol-3,3*- 
dl carboxylic  acid,  the  reaction  mixture  also  yielded  hydroquinonecarboxylic  and  5-nitrosalIcyllc  acids  in  12  and 
IQPjo  yields,  respectively. 

The  formation  of  several  products  indicated  that  the  reaction  was  complex.  The  hydroquinonecarboxylic 
acid  was  isolated  by  ether  extraction  of  tlie  acidified  filtrate  after  separation  of  the  phenolindophenol-3,3’ -di- 
carboxylic  acid  and  reduction  with  zinc  dust.  For  isolation  of  the  5-nitrosalicylic  acid,  the  reaction  mixture  was 
acidified  and  extracted  with  ether,  the  extract  evaporated  to  dryness,  the  residue  dissolved  in  alcohol  and  freed 
from  phenolindophenol- 3,3* -di carboxylic  acid  with  activated  charcoal,  the  charcoal  separated  by  filtration,  the 
filtrate  evaporated  to  dryness,  the  residue  dissolved  in  1  N  sodium  hydroxide  solution  and  the  5-nlttosalicylic 
acid  precipitated  from  the  solution  by  acidification  with  concentrated  hydrochloric  acid. 

Data  obtained  in  the  study  of  this  reaction  made  It  possible  to  put  forward  the  following  preliminary  hypoth- 
e.ses  on  a. possible  reaction  mechanism.  The  first  stage  is  tlie  formation  of  the  cyclic  aluminum  salt  of  salicylic 
acid,  which  is  described  in  the  literature  [3]. 

COOh  COO^ 

Due  to  intramolecular  dissociation  [1, 2],  this  cyclic  salt  has  an  increased  reactivity  [4].*  As  a  result  of 

•The  stmcture  of  the  cyclic  aluminum  salt,  showing  intramolecular  dissociation.  Is  represented  here  in  accord¬ 
ance  with  the  symbolism  recommended  previously  [1,2]. 

The  crossed -out,  dotted  line  denotes  that  the  stmcture  presented  should  not  be  imder  stood  as  one  in  which 
the  oxygen  atom  of  the  phenol  group  is  completely  ionized.  The  bond  between  this  oxygen  atom  and  the  alumi¬ 
num  atom  has  only  a  partial  ionic  character,  which,  however,  has  a  considerable  effect  on  the  course  of  the  reac¬ 
tion  examined. 


988 


this,  It  Is  readily  oxidized  by  the  nitric  acid  liberated  during  its  formation,  probably  to  hydroquinonecarboxylic 
acid  with  the  simultaneous  reduction  of  tlie  nitric  to  nitrous  acid. 


COO^ 

c5-5-'- 


^Al 


COO, 


Al 


+  HNO 


HO 


^0  f  HNOj 


The  formation  of  hydroquinonecarboxylic  acid  was  confirmed  by  its  isolation  from  the  reaction  mixture. 

It  is  known  that  hydroquinonecarboxylic  acid  is  also  formed  in  the  oxidation  of  salicylic  acid  by  certain  otfier 
oxidants.  In  particular,  one  of  the  methods  of  preparing  hydroquinonecarboxylic  acid  consists  of  the  oxidation 
of  salicylic  acid  with  persulfate  [5].  The  formation  of  nitrous  acid  in  the  reaction  mixture  was  also  demonstrated 
by  passing  a  stream  of  air  through  the  latter  and  then  passing  the  emergent  gases  through  sodium  hydroxide  solu¬ 
tion,  which  was  afterward  found  to  contain  large  amounts  of  nitrite. 

As  was  recently  shown  [4],  the  nitrous  acid  formed  in  the  reaction  mixture  reacts  with  the  cyclic  aluminum 
salt  of  salicylic  acid,  giving  the  corresponding  nltroso  compound. 

COO^  4*  COO.  _ 

y - ^  -  y''Al  /—(  -  y'Al 

\ ^0-  +  HNOz  — ►  +  HjO 


Nitrosation  of  the  cyclic  salts,  showing  intramolecular  dissociation,  proceeds  more  readily  than  with  free 
salicylic  acid.  This  Increased  reactivity  of  such  cyclic  salts  of  salicylic  acid, with  respect  to  nitrosation, was  re¬ 
cently  noted  in  the  literature  [4,  6]. 

The  nitroso  compound  formed  then  reacts  with  the  remaining  unchanged  cyclic  aluminum  salt  of  salicylic 
acid,  leading  to  the  cyclic  aluminum  saltof  phenolindophenol-3,3’-dicarboxylic  acid. 


UN 


COO,  ^OOC  COO, 


'^»r* 


♦  H,0 


This  reaction  course  is  possible  in  view  of  the  smooth  formation  of  the  cyclic  aluminum  salt  of  phenollndo- 
phenol-3,3*-dicarboxylic  acid  by  the  direct  addition  of  the  cyclic  aluminum  salt  of  salicylic  acid  to  the  cyclic 
aluminum  salt  of  5-nitrososalicylic  acid,  obtained  in  accordance  with  [4]. 

The  formation  of  5-nitrosalicylic  acid  in  the  reaction  mixture  occurs  as  a  result  of  partial  oxidation  of  5- 
nitrososalicylic  acid.  The  formation  of  5-nltrosalicylic  acid  by  the  reaction  of  salicylic  acid  with  nitrous  acid 
in  an  acid  medium  has  been  known  for  a  h)ng  time  [7]. 

In  the  given  reaction,  the  aluminum  nitrate  may  be  replaced  by  mixtures  of  equivalent  amounts  of  alumi¬ 
num  chloride  or  sulfate  and  sodium  nitrate.  Instead  of  aluminum  nitrate  it  is  possible  to  use  the  nitrates  of  cer¬ 
tain  other  elements,  which  react  with  salicylic  acid  to  give  cyclic  salts,  capable  of  intramolecular  dissociation 
under  the  reaction  conditions.  Thus,  for  example,  the  formation  of  phenolindophenol-3,3’-dicarboxyllc  acid  pro¬ 
ceeds  just  as  successfully  with  the  use  of  chromium,  zirconium,  thorium  and  gallium  nitrates  as  in  the  case  of 
aluminum  nitrate.  Beryllium  and  zinc  nitrates  are  slightly  less  effective. 


EXPERIMENTAL 

Preparation  of  phenolindophenol-3,3*-dicarboxylic  acid.  1.  Synthesis  of  small  amounts.  2.5  g  of  salicylic 
acid  was  placed  in  a  flask  of  about  100-ml  capacity,  20  ml  of  water  and  1.5  g  of  crystalline  sodium  acetate  added 
and  the  mixture  heated  on  a  boiling  water  bath.  Then  10  g  of  aluminum  nitrate  was  added  and  the  mixture 
stlned  vigorously  on  a  boiling  water  bath  for  4-5  minutes.  The  reaction  mixture  was  cooled  and  25  ml  of  dilute 
hydrochloric  acid  (1;1)  added.  The  color  of  the  solution  rapidly  changed  from  Intense  blue  to  violet  and,  finally, 
to  red.  The  phenolindophenol-3,3’-dicarboxylic  acid  thus  liberated  collected  into  coarse  lumps,  which  were  fil¬ 
tered  off,  washed  with  water  and  recrystallized  from  20-25*^0  alcohol  Ether  extraction  of  the  strongly  red  filtrate 
yielded  a  certain  amount  of  extra  phenolindophenol-3,3’-dicarboxylic  acid.  The  total  yield  of  phenolindophenol- 
3,3* -di carboxylic  acid  was  56^o,  calculated  on  the  salicylic  acid. 

2.  Synthesis  of  large  amounts.  For  the  preparation  of  large  amounts  of  phenolindophenol-3,3*-dicarboxylic 
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acid,  it  was  convenient  to  work  with  a  continuous  apparatus  (see  figure).  Into  one  Mariotte  bottle  was  placed  a 
solution  of  500  g  of  Al(NOj)3-  9HjO  in  250  ml  of  water.  17  ml  of  cone.  HjSQ4  added,  the  solution  stined  well 
and  the  flow  rate  from  the  bottle  adjusted  to  1  ml/min.  Into  the  other  Mariotte  bottle  was  placed  a  solution  con¬ 
taining  160  g  of  sodium  salicylate  in  750  ml  of  water  and  the  flow  rate  adjusted  to  1.5  ml/min.  The  two  solu¬ 
tions.  flowing  at  the  given  rates,  were  led  into  a  bent  glass  tube,  of  10-mm  internal  diameter,  placed  in  a  boiling 


water  bath  in  such  a  way  that  a  10 -cm  length  of  the  mbe  was  in 
the  boiUng  water.  The  dark-colored  solution  of  the  cyclic  alumi¬ 
num  salt  of  phenolindophenol-3,3’-dicarboxylic  acid  formed 
flowed  continuously  from  the  other  end  of  the  tube.  Naturally,  it 
is  possible  to  use  other  flow  rates  of  the  mixed  solution,  provided 
that  the  dimensions  of  the  part  of  the  apparatus  immened  in  the 
boiling  batii  are  changed  in  such  a  way  that  the  time  that  the  re¬ 
action  mixmre  is  in  the  heated  zone  is  4-5  minutes.  The  solution 
issuing  from  the  reaction  tube  was  led  into  a  receiver,  cooled  ex¬ 
ternally  with  water.  The  phenolindophenol-3.3’ -dicarboxylic  acid 
was  isolated  from  the  solution  obtained  by  acidification  with  hy¬ 
drochloric  acid  and  salting  out  with  sodium  chloride. 

The  phenolindophenol-3, 3* -dicarboxylic  acid  was  a  dark-red 
powder  melting  at  305"  (with  decomp.). 

Founder  C  62.37;  H  2.95;  N  4.52.  CHH9O6N.  Calculated 
°la:  C  62.22;  H2.88;  N  4.44. 


Continuous  apparatus  for  the  prepara¬ 
tion  of  large  amounts  of  phenolindo¬ 
phenol-3, 3’ -dicarboxylic  acid. 


The  substance  dissolved  readily  in  alcohol  and  acetone  and 
less  readily  in  ether,  benzene,  chloroform  and  carbon  tetrachloride, 
forming  solutions  with  colors  from  yellow  to  red-orange.  It  was 
sparingly  soluble  in  water  and  the  orange  aqueous  solutions  had  a 


light- absorption  maximum  at  380  m/i  and  a  molar  absorption  coef¬ 
ficient  of  2.9- 10^.  When  a  weakly  acid  or  a  neutral  aqueous  solution  was  treated  with  salts  of  Zr,  Th,  Al,  Ga, 


Cu  and  also  certain  odier  elements,  the  orange  color  became  blue. 


Preparation  of  4,4*-dihydroxydiphenylamine-3,3*-dicarboxylic  acid.  1.4  g  of  phenolindophenol-3, 3* -di¬ 
carboxylic  acid  was  dissolved  in  30  ml  of  2  N  NaOH  solution,  5  g  of  sodium  hydrosulfite  added  and  the  mixture 
heated  to  50-60".  After  complete  reduction  (indicated  by  the  solution  color  changing  from  blue  to  brown),  the 
reaction  mixture  was  made  just  acid  to  Congo  with  cone.  HCl  and  extracted  witii  ether.  The  ether  extract  was 
evaporated  to  dryness,  the  residue  dissolved  in  50  ml  of  alcohol,  a  small  amount  of  activated  charcoal  added,  the 
solution  filtered  and  the  filtrate  evaporated  in  vacuum.  Recrystallization  from  aqueous  alcohol  gave  a  light, 
brownish -yellow  product  with  m.p.  246". 

Found  <7o:  C  61.95;  H  3.72;  N  4.36.  CnHuOgN.  Calculated  “yo;  C  61.83;  H  3.81;  N  4.42. 


The  substance  was  readily  soluble  in  alcohol  and  acetone  and  less  so  in  ether.  It  was  almost  insoluble  in 
water.  It  dissolved  readily  in  solutions  of  ammonia,  soda  and  bicarbonate  to  give  light,  brownish  solutions.  Alka¬ 
line  solutions  were  readily  oxidized  under  the  action  of  atmospheric  oxygen  and  changed  to  an  intense  blue.  4,4’- 
Dihydroxydiphenylamine-3,3*-dicarboxylic  acid  was  not  oxidized  in  acid  solutions  by  atmospheric  oxygen,  but 
was  readily  oxidized  by  cupric  and  thallic  salts  and  a  series  of  other  oxidants. 


SUMMARY 

Heating  salicylic  acid  with  an  aqueous  solution  of  aluminum  nitrate  formed  the  aluminum  salt  of  phenol¬ 
indophenol-3, 3’ -dicarboxylic  acid,  giving  the  solution  an  intense  blue  color.  After  acidification  of  the  reaction 
mixture,  it  was  possible  to  isolate  free  phenolindophenol-3, 3 ’-dicarboxylic  acid,  reduction  of  which  gave  4,4’- 
dihydroxydiphenylamine-3, 3’ -dicarboxylic  acid.  The  properties  of  the  compounds  obtained  are  described  and  a 
hypothesis  is  put  forward  on  the  reaction  mechanism. 
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SYNTHESIS  OF  DIA  LKY  L  A  MIN  O  A  LK  Y  L  DERIVATIVES  OF  INDAZOLE 


Erh-Ch*ang  Jao  and  M.  N,  Shchukina 

All-Union  Scientific -Research  Institute  of  Chemical  Pharmaceutics 


The  purpose  of  this  work  was  the  synthesis  of  dialkylaminoalkyl  derivatives  of  indazole  for  a  study  of  the 
chemical  properties  and  pharmacological  and  antibacterial  investigations.  It  is  known  that  the  dialkylaminoalkyl 
grouping  has  considerable  value  in  dmgs.  Many  antlhistaminics.  spasmolytics,  local  anesthetics,  antlmalarials 
and  certain  other  drugs  contain  this  grouping  coimected  to  a  nitrogen  or  an  oxygen  atom.  Therefore,  it  seemed 
interesting  to  prepare  compounds  of  this  type  in  the  indazole  series,  which  may  be  regarded  as  isosters  of  indole 
and  isomers  of  benzimidazole,  heterocycles,  forming  part  of  the  molecules  of  a  series  of  biologically  important 
substances. 

N-Dlethylaminoethyl-6-nitroindazole  was  synthesized  in  good  yield  by  the  condensation  of  6-nitroindazole 
with  diethylamlnoethyl  chloride  in  the  presence  of  sodium  alcoholate.  N-Dimethylaminoethyl-6-nitroIndazole, 
N-dimetliylaminoethyl-3-chloroindazole  and  N-dImethylaminoethylindazole  were  prepared  analogously.  Since 
the  free  base  of  dimethylaminoethyl  chloride  polymerizes  readily  on  distillation,  its  hydrochloride  and  twice  the 
amount  of  alcoholate  were  used  in  the  reaction.  In  the  case  of  indazole,  the  yield  was  somewhat  lower  than  for 
6-ultro-  and  3-chloroindazole.  This  may  be  explained  by  the  fact  that  the  presence  of  a  chlorine  or  a  nitro  group 
draws  off  the  electrons  promoting  the  increased  activity  of  the  hydrogen  atcxn  at  the  nitrogen. 
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X  =  NO,.  H  R  =  CH,  C,H,;Y=C1,  H 


As  in  the  alkylation  of  indazole  and  its  derivatives  [1],  in  their  condensation  with  dialkylaminoalkyl  chlo¬ 
rides,  the  1-  and  2-substimted  derivatives  were  formed.  We  separated  the  isomers  by  different  methods;  1-  and 
2-diethylaminoethyl-6-nitroindazole  were  separated  by  fractional  crystallization  of  the  hydrochlorides  from  ethyl 
alcohol  and  1-  and  2-dimediylaminoethyl-6-nitroindazole,  by  fractional  precipitation  with  picric  acid.  It  was 
possible  to  obtain  only  one  isomer  in  a  pure  form  by  fractional  crystallization  of  the  hydrochlorides  of  1-  and  2- 
dimethylamlnoethyl-3-chloroindazoles.  We  were  able  to  isolate  the  two  isomers  by  preparing  and  recrystallizing 
the  hydrodilorides  in  a  series  of  solvents  -  ethyl  acetate,  ethyl  alcohol.  Isopropyl  alcohol  and  acetone;  the  1- 
and  2 -isomers  of  dimethylaminoethyllndazole  were  separated  by  an  analogous  method.  With  hydrogen  chloride, 
1-dlmethylaminoethylindazole  gave  a  monohydrochloride  and  the  2-isomer,  a  dihydrochloride.  The  picrates  of 
the  two  isomers  differed  considerably  in  melting  point 

In  the  N-alkylaminoalkylation  of  6-nitroindazole  and  indazole,  the  2-isomers  were  formed  predominantly, 
while  in  the  case  of  3-chloroindazole.  the  1 -isomer  was  the  main  product. 
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Fig.  1.  Ultraviolet  absorption  curves:  1)  1-diethyl- 
aminoethyl-6-nltroindazole;  2)  1 -methyl-6 -nltro- 
Indazole;  3)  2-diethylamlnoethyl-6-nitroIndazole; 
4)  2-methyl-6-nitroindazole, 


Fig.  2.  Ultraviolet  absorption  curves:  1)  1-dimethyl- 
aminoethyl-6-nltroindazole:  2)  1 -methyl-6 -nitroin- 
dazole;  3)  2-dimethylaminoethyl-6-nitroindazole; 

4)  2-methyl-6-nitroindazole. 


The  chemical  method  is  only  suitable  for 
proving  the  structure  of  indazole  derivatives  in  sep¬ 
arate  cases  [2].  Although  Auwers  et  al.  [3]  obtained 
good  results  in  this  direction  by  refractometric  in¬ 
vestigations,  the  determination  of  the  ultraviolet 
absorption  spectra  was  found  to  be  more  convenient 
[4].  The  structures  of  all  the  isomeric  compounds 
we  obtained  were  proved  by  comparison  of  their 
ultraviolet  absorption  spectra  with  the  spectra  of 
the  corresponding  1-  and  2 -methyl  derivatives  of 
indazole.  The  results  obtained  were  confirmed  by 
chemical  conversions.  Thus,  by  replacement  of 
the  chlorine  by  hydrogen  by  means  of  hydriodic 
acid  and  red  phosphorus,  the  compound  identified 
as  l-dimethylaminoethyl-3-chloroindazole  by  the 
spectral  method  was  converted  into  1-dimethyl- 
aminoethylidazole.  The  spectral  curves  are  pre¬ 
sented  in  Figs.  1-4.* 

N -Dialky laminoethyl-6-aminoindazoles  were 
obtained  from  the  corresponding  nitro  derivatives 
by  hydrogenation  in  the  presence  of  Raney  nickel. 

It  is  interesting  to  note  that  6-aminoindazole  was 
obtained  by  Kwartler  and  Lucas  [5]  by  hydrogena¬ 
tion  of  6-nitroindazole  in  the  presence  of  a  large 
amount  of  Raney  nickel  at  30-40  atmos  pressure  of 
hydrogen  at  50“,  while  we  showed  that  N-dialkyl- 
amInoethyl-6-nitroindazoles  were  hydrogenated 
very  readily  and  rapidly  at  room  temperature  and 
atmospheric  pressure. 

6-Hydroxyindazole  could  be  obtained  from 
6-amInoindazole  by  diazotization  and  subsequent 
heating  of  the  diazonium  salt  with  sulfuric  acid 
[6].  The  compound  obtained  in  this  way  was  diffi¬ 
cult  to  purify.  According  to  the  data  of  Davies  [7] 
and  other  authors,  the  hydrolysis  of  6-aminoindazole 
with  dilute  sulfuric  acid  at  an  elevated  temperature 
in  an  autoclave  gives  6-hydroxyindazole  in  good 
yield.  We  found  that  the  hydrolysis  of  a  mixture 
of  1-  and  2-diethylaminoethyl-6-aminoindazoles 
with  IQPjo  sulfuric  acid  at  160-180“  for  20  hours  gave 
only  2-diethylaminoethyl-6-hydroxyindazole;  the 
1 -diethylaminoethyl-6-aminoindazole  was  re¬ 
covered  unchanged. 


Chlorination  of  N -dialky laminoethyl-6-nitroindazoles  with  the  calculated  amount  of  chlorine  in  water  at 
40-50*  led  to  the  formation  of  monochloro  derivatives.  In  analogy  with  the  chlorination  of  indazole  [3]  and  6- 
nltroindazole  [7],  it  can  be  considered  that  the  chlorine  atom  entered  the  ring  at  position  3. 

For  a  pharmacological  study  it  was  interesting  to  prepare  quaternary  salts  of  indazole  derivatives,  since  it 
is  known  that  a  series  of  quaternary  ammonium  salts  have  a  high  biological  activity.  We  prepared  the  quater¬ 
nary  salts  of  trialkylaminoethylindazoles  (I)  and  (II)  by  the  usual  method,  namely,  the  reaction  of  N-dialkyl- 
aminoethyl  derivatives  of  indazole  with  methyl  iodide  in  benzene  solution  without  heating  or  without  solvent  at 

•The  spectra  were  plotted  in  the  physical-chemistry  laboratory  of  the  All-Union  Scientific -Research  Institute  on 
Chemical  Pharmaceutics  under  the  direction  of  Yu.N.  Sheinker,  whom  the  authors  would  like  to  thank. 
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Fig.  3.  Ultraviolet  absorption  curves: 
1)  2-methyl-3-chlorolndazolej  2)  2- 
diniethylamlnoethyl-3  -chlbroinda  - 
zole;  3)  l-rnethyl-3-chloroindazole; 
4)  l-dlmethylanilnoethyl-3-chloro- 
Indazole. 
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Fig.  4.  Ultraviolet  absorption  curves: 
1)  2-methylindazole;  2)  2-dimethyl- 
amlnoetiiyllndazole;  3)  1-methyl- 
indazole;  4)  1-dlmethylaminoethyl- 
Indazole. 


100*  In  a  sealed  tube.  This  produced  the  addition  of  only  one  molecule  of  methyl  iodide,  despite  the  difference 
in  the  reaction  conditions.  Apparently,  the  Initially  formed  quaternary  nitrogen,  which  attracts  electrons  strongly, 
lowers  the  activity  of  the  nitrogen  atoms  close  to  it,  preventing  their  reaction  with  methyl  iodide  [8].  This  may 
probably  explain  why,  for  example,  alkylindazoles  [9]  and  alkylnitroindazoles  [10]  react  with  only  one  molecule 
of  metfiyl  iodide,  although  the  quaternary  salt  formed  contains  a  further  tertiary  nitrogen,  (HI)  and  (IV). 


EXPERIMENTAL 

1-  and  2-Diethylaminoethyl-6-nitroindazole8.  With  stirring,  16.3  g  of  6-nItroindazole  and  70  ml  of  an¬ 
hydrous  alcohol  were  added  to  the  alcoholate  obtained  from  2.53  g  of  sodium  and  80  ml  of  anhydrous  alcohol. 

To  the  dark-red  solution  was  added  15.6  g  of  freshly  distilled  dletiiylaminoethyl  chloride  in  25  ml  of  anhydrous 
alcohol,  after  which  the  mixture  was  boiled  with  stirring  for  five  hours.  The  precipitate  of  sodium  chloride  was 
filtered  off  and  washed  with  anhydrous  alcohol,  the  alcohol  solution  evaporated  and  the  residual  oil  heated  in 
vacuum  on  a  boiling  water  bath  for  half  an  hour  and  then  dissolved  in  60  ml  of  ICPjo  hydrochloric  acid.  The  un¬ 
reacted  6-nitroindazole  was  extracted  from  the  acid  solution  with  ether.  With  cooling,  a  concentrated  solution 
of  sodium  hydroxide  was  added  to  the  aqueous  layer  and  the  alkaline  solution  extracted  with  ether.  The  ether 
solution  was  dried  and  evaporated.  We  obtained  24.85  g  (94.9^)  of  a  yellow,  oily  substance,  a  mixture  of  1- 
and  2-dleihylamlnoethyl-6-nltroindazoles.  For  separation  of  the  isomers,  a  solution  of  them  in  180  ml  of  anhy¬ 
drous  alcohol  was  cooled  and  treated  with  a  saturated  alcohol  solution  of  hydrogen  chloride  to  an  acid  reaction 
to  Congo,  the  mixture  heated  with  charcoal  and  the  solution  filtered  and  cooled.  We  obtained  24.35  g  of  a  mix¬ 
ture  of  the  hydrochlorides  of  the  two  isomers  with  m.p.  152-178*;  six  recrystallizations  from  alcohol  yielded  the 
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hydrochloride  of  2-dlethylamInoethyl-6-nltroindazole  as  yellow  prisms  with  m.p.  192-193",  which  were  readily 
soluble  in  water,  more  difficultly  so  in  alcohol  and  acetone  and  Insoluble  in  ether.  The  free  base,  isolated  from 
the  hydrochloride,  had  m.p.  33-34*. 

Found  *70:  N  18.52,  18.94;  Cl  12.17.  C„HbO,N4C1.  Calculated ‘7o;  N  18.75;  Cl  11.87. 

The  first  two  alcohol  mother  solutions  were  combined  and  evaporated;  four  recrystallizations  of  the  residue 
from  alcohol  yielded  the  hydrochloride  of  2-dIethylaminoethyl-6-nftroindazole  as  yellow  crystals  with  m.p. 
168-169",  which  were  very  readily  soluble  in  water,  more  difficultly  so  in  alcohol  and  acetone  and  Insoluble  in 
ether. 

Found N  18.58;  Cl  12.12.  Ci8H»OiN4Cl.  Calculated N  18.75;  Cl  11.87. 

1-  and  2-Dlmethylaminoethyl-6-nitrolndazoles.  A  mixture  of  1-  and  2-dimethylaminoethyl-6-nitroinda- 
zoles  was  obtained  in  81.7^70  yield  under  the  conditions  of  the  previous  experiment  by  condensation  of  6-nltroin- 
dazole  with  dlmethylamlnoethyl  chloride.  For  separation  of  the  isomers,  a  solution  of  the  mixture  obtained 
(19.15  g)  in  95  ml  of  alcohol  was  treated  with  a  solution  of  18.8  g  of  picric  acid  in  470  ml  of  alcohol  in  ten  por¬ 
tions  and  the  picrate  precipitates  were  collected  separately.  The  first  four  portions  were  combined  and  treated 
with  cone.  HCl;  after  separation  of  the  picric  acid,  the  aqueous  solution  was  washed  with  ether  and  evaporated 
to  dryness  in  vacuum.  Recrystallization  of  the  residue  from  alcohol  yielded  the  pure  hydrochloride  of  2-dimethyl- 
aminoethyl-6-nitroindazole  as  yellow  platelets  with  m.p.  207-208",  which  were  readily  soluble  in  water,  more 
difficultly  so  in  alcohol  and  acetone  and  insoluble  in  ether.  The  free  base,  isolated  from  the  hydrochloride,  had 
m.p,  82-83". 

Found ‘7o;  N  20.70;  Cl  13.11.  CiiHiBOiN4Cl.  Calculated  *70;  N  20.70;  Cl  13.10. 

Similarly,  the  last  three  portions  of  picrate  yielded  the  hydrochloride  of  l-dimethylaminoethyl-6-nItroln- 
dazole  as  light-yellow  needles  with  m.p.  235-236",  which  were  readily  soluble  in  water,  more  difficultly  so  in 
alcohol  and  acetone  and  Insoluble  in  ether.  The  free  base,  isolated  from  the  hydrochloride,  had  m.p.  40-41". 

Found  <70:  N  21.01;  Cl  13.08.  C11H15O2N4CI.  Calculated  <70:  N  20.70;  Cl  13.10. 

1-  and  2-Dimethylaminoethyl-3-chloroindazoles.  To  the  solution  of  alcoholate,  obtained  from  6.44  g  of 
metallic  sodium  and  180  ml  of  anhydrous  alcohol,  was  added  15.25  g  of  3-chloroIndazole  and  100  ml  of  anhy¬ 
drous  alcohol  with  stirring  and  then  20.16  g  of  dimethylamlnoethyl  chloride  hydrochloride  in  300  ml  of  anhydrous 
alcohol,  after  which  the  mixture  was  boiled  for  five  hours.  The  sodium  chloride  precipitate  was  filtered  off  and 
washed  with  anhydrous  alcohol,  the  alcohol  solution  evaporated  and  the  residual  oil  heated  in  vacuum  on  a  boil¬ 
ing  water  bath  for  half  an  hour  and  then  dissolved  in  120  ml  of  5%  hydrochloric  acid.  The  unreacted  3-chloro- 
Indazole  was  extracted  from  the  acid  solution  with  ether.  The  aqueous  solution  was  then  made  alkaline  with 
sodium  hydroxide  solution  and  extracted  with  ether.  The  ether  solution  was  dried  and  evaporated.  We  obtained 
19,36  g  (86.6*70)  of  a  light-yellow,  oily  substance,  a  mixture  of  1-  and  2 -dimethylamlnoethyl -3 -chloroindazoles. 
For  separation  of  the  isomers,  with  cooling  a  solution  of  the  oil  obtained  in  200  ml  of  ethyl  acetate  was  treated 
with  a  saturated  alcohol  solution  of  hydrogen  chloride  to  an  acid  reaction  to  congo.  The  precipitate  was  collected 
and  after  three  recrystallizations  from  alcohol,  it  yielded  the  hydrochloride  of  l-dimethylaminoethyl-3-chloro- 
indazole  as  colorless  prisms  with  m.p.  179-180",  which  were  readily  soluble  in  water,  more  difficultly  so  in  alco¬ 
hol  and  acetone  and  insoluble  in  ether. 

Found  *70:  C  50.28;  H  5.92;  N  16.07,  16.29.  CnHjgNjClj.  Calculated  *70:  C  50.78;  H  5.81;  N  16.15. 

The  ethyl  acetate  mother  solution  was  evaporated  to  dryness;  three  recrystallizations  of  the  residue  from 
acetone  yielded  the  hydrochloride  of  2-dimethylaminoethyl-3-chloroindazole  as  colorless  plates  with  m.p. 
158.5-159",  which  were  readily  soluble  in  water,  more  difficultly  so  in  alcohol  and  acetone  and  insoluble  In  ether. 

Found  *7o;  C  50,74;  H  5.93;  N  16.17.  CiiHaNsClj.  Calculated  *70;  C  50.78;  H  5.81;  N  16.15. 

1-  and  2-Dimethylaminoethylindazoles.  A  mixture  of  1-  and  2-dlmethylaminoethylindazoles  was  obtained 
as  an  almost  colorless  oil  in  67*7o  yield  similarly  to  the  preparation  of  the  3-chloro  derivatives.  For  separation 
of  the  isomers,  2  g  of  the  mixture  was  dissolved  in  45  ml  of  ethyl  acetate  and  a  saturated  alcohol  solution  of  hy¬ 
drogen  chloride  added  to  the  solution  with  cooling  until  the  reaction  was  acid  to  Congo.  The  precipitate  was  col¬ 
lected;  after  three  recrystallizations  from  isobutyl  alcohol,  the  substance  had  m.p.  171-181".  The  melting  point 
did  not  change  with  further  recrystalUzatlon.  The  dihydrochloride  of  2-dimethylamlnoethylindazole  formed  hy¬ 
groscopic,  colorless  prisms,  which  were  readily  soluble  in  alcohoL 
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Found N  I6.OO1  Cl  26.96.  CnH„N|Cl|.  Calculated  N  16.03 j  Cl  27.05. 

Treatment  of  tiie  dlhydrochlorlde  with  picric  acid  In  alcohol  solution  yielded  the  plcrate  of  2-dlmetiiyl- 
amlnoethylindazole  as  yellow  platelets  with  m.p.  235*  (with  decomp.),  which  were  soluble  in  acetone  and  more 
difficultly  so  in  alcohoL 

Found  *70;  C  48.83;  H  4.40;  N  20..37.  CiTHigO^Ne.  Calculated  C  48.81;  H  4.34;  N  20.09. 

The  oxalate  formed  colorless  crystals  (from  anhydrous  alcohol)  with  m.p.  154-156*  (with  decomp.). 

Found  *70:  C  55.82;  H  6.23;  N  14.73.  CaH^O^N,.  Calculated  <70:  C  55.90;  H  6.14;  N  15.05. 

1  -Dlmethylaminoethyllndazole.  a)  The  ethyl  acetate  mother  solution,  after  separation  of  the  hydrochlo¬ 
ride  of  the  2-substituted  isomer,  was  evaporated  to  dryness;  after  two  recrystallizations  from  Isobutyl  alcohol,  the 
residue  yielded  the  hydrochloride  of  1 -dlmethylaminoethyllndazole  as  colorless  platelets  with  m.p.  143-144*, 
which  were  readily  soluble  in  water,  more  difficultly  so  in  alcohol  and  acetone  and  insoluble  in  ether. 

Found‘d  C  58.66;  H  7.15;  N  18.40,  CjiHaNfCl.  Calculated  <70:  C  58.53;  H7.14;  N  18.62. 

Treatment  of  the  hydrochloride  with  an  alcohol  solution  of  picric  acid  yielded  a  plcrate  as  yellow  prisms 
with  m.p.  169-170*,  which  were  soluble  in  acetone. 

Found  <70:  C  48.99;  H  4.50;  N  20.34.  CnHijOyNe.  Calculated‘S  C  48.81;  H4.34;  N  20.09. 

b)  A  mixture  of  1.3  g  of  3 -chloro-1 -dlmethylaminoethyllndazole,  1  g  of  red  phosphorus  and  6  ml  of  hy- 
driodlc  acid  (d  1.7)  was  boiled  for  24  hours.  At  the  end  of  the  reaction,  tiie  solution  was  filtered  free  from  ex¬ 
cess  phosphorus,  diluted  with  50  ml  of  water  and  evaporated  to  20  ml  and  then  the  residue  was  made  alkaline 
with  sodium  hydroxide  and  extracted  with  ether.  The  ether  solution  was  dried  and  evaporated;  we  obtained 
0.83  g  (81.4*^)  of  a  colorless  oil,  from  which  a  hydrochloride  with  m.p.  143-144*  was  obtained.  A  mixed  melt¬ 
ing  point  with  the  hydrochloride  of  1 -dlmethylaminoethyllndazole  obtained  by  method  "a*  was  not  depressed. 

The  plcrate  had  m.p.  169-170*.  A  mixed  melting  point  with  tiie  plcrate  obtained  by  method  *a*  was  not  de¬ 
pressed. 

1- Diethylaminoethyl-6-aminolndazole.  A  solution  of  1.32  g  of  l-dIethylamlnoethyl-6-nltioIndazole  in 
20  ml  of  methyl  alcohol  was  hydrogenated  in  the  presence  of  0.5  g  of  Raney  nickel  at  room  temperature  and  at¬ 
mospheric  pressure.  The  solution  was  filtered  free  from  catalyst  and  evaporated;  we  obtained  1.07  g  (92.2*^)  of 
a  dark,  oily  substance.  Treatment  with  picric  acid  in  an  alcohol  solution  yielded  a  plcrate  with  m.p.  160-161*; 
after  recrystallization  from  alcohol,  the  fine,  yellow  prisms  had  m.p.  161-162*  and  were  soluble  in  acetone, 
more  difficultly  so  in  alcohol  and  Insoluble  in  benzene  and  ether. 

Found ‘fe  C  49.95,  49.08;  H  5.27,  5.02;  N  21.02.  CoHjjOyNt.  Calculated  <70:  C  49.46;  H  5.02;  N  21.25. 

2- Diethylaminoethyl-6-aminoindazole  was  obtained  similarly  to  l-dlethylamlnoethyl-6-aminolndazole 
in  94*!^  yield.  The  plcrate  formed  red  prisms  with  m.p.  127.5-128*  (from  alcohol),  which  were  readily  soluble 
in  acetone,  more  difficultly  so  in  alcohol  and  insoluble  in  benzene  and  ether. 

Found ‘T'o;  C  49.27;  H  4.92;  N  21.30.  C^Ea0^li^.  Calculated ‘7o:  C  49.46;  H  5.02;  N  21.25. 

1- Dimediylamlnoethyl-6-amlnolndazole  was  obtained  similarly  to  the  previous  compound  in  OO.b'T*  yield. 

It  appeared  as  colorless  prisms  (from  benzene)  with  m.p.  71-72*,  which  were  readily  soluble  in  ether,  benzene, 
alcohol  and  acetone,  more  difficultly  so  in  water  and  Insoluble  in  petroleum  ether. 

Found  <70:  C  64.48;  H  8.02;  N  27.16.  C^HieN^.  Calculated ‘7®;  C  64.68;  H  7.90;  N  27.43. 

2- DimethylamInoethyl-6-aminolndazole  was  obtained  similarly  to  l-dimethylamlno-6-aminolndazole  in 
98.5*70  yield.  It  appeared  as  colorless  plates  with  a  pinkish  tinge,  had  m.p.  91-91.5*  and  was  readily  soluble  in 
alcohol,  acetone,  water  and  benzene  and  insoluble  in  petroleum  edier. 

Found  ^/o:  C  64,57;  H  7.89;  N  27.35.  CuHi^N^.  Calculated ‘7>:  C  64.68;  H  7.90;  N  27.43. 

6-Hydroxy-2-diethylaminoethylindazole.  ^  A  mixture  of  6.96  g  of  1-  and  2-diethylamlnoethyl-6-amlno- 
Indazdies  and  60  ml  of  10*70  sulfuric  acid  was  heated  In  a  sealed  tube  at  160-180*  for  20  hours.  At  the  end  of  the 
reaction,  the  dark-brown  solution  was  cooled  and  made  alkaline  with  concentrated  sodium  hydroxide  solution  and 
the  alkaline  solution  extracted  with  ether.  The  ether  extract  was  dried  and  evaporated.  We  obtained  1.62  g  of 
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l-dIetfiylamlnoethyl-6-amlnolndazole,  whose  plcrate  had  m.p.  161-162*.  The  alkaline  solution  was  acidified  to 
Congo  with  20^0  sulfuric  acid,  then  ammonia  added  to  a  weakly  alkaline  reaction  and  the  liberated  oil  extracted 
with  ether.  We  obtained  3.04  g  of  a  colorless  substance,  which  had  m.p.  90-91*  (2.45  g)  after  recrystallization 
from  20  ml  of  benzene  and  drying  in  vacuum.  The  yield  was  35*70.  6-Hydroxy -2-diethylaminoethyllndazole 
formed  colorless  prisms  with  m.p.  90-91*,  which  were  readily  soluble  in  alcohol,  ether,  benzene,  acetone,  alkali 
and  acid  and  more  difficultly  so  in  water. 

Found  <70;  C  66.91J  118.21;  N  18.12.  C1SH19ON3.  Calculated  *70:  C  66.92;  H  8.21;  N  18.01. 

3 -Chloro-6 -nitro -2 -diethylaminoethylindazole.  fiito  a  solution  of  1.5  g  of  the  hydrochloride  of  6-nitro-2- 
diethylaminoethyllndazole  in  10  ml  of  water,  stirred  at  45-50*,  was  slowly  passed  chlorine  obtained  from  0.39  g 
of  potassium  permanganate  and  6  ml  of  cone.  HCl.  When  the  chlorine  had  been  passed  in,  stlning  was  continued 
for  a  further  half  an  hour.  The  reaction  mixture  was  then  made  alkaline  to  phenolphthalein  with  2  N  sodium  hy¬ 
droxide  solution  widi  cooling.  The  yellow  precipitate  was  collected,  washed  with  water  and  dried.  We  obtained 
1.37  g  (927o)  of  a  substance  with  m.p.  75-80*.  After  two  recrystallizations  from  n-heptane,  the  yellow  prisms 
had  m.p.  83-84*  and  were  readily  soluble  in  alcohol,  acetone,  benzene,  dichloroethane  and  ether,  more  difficultly 
so  in  petroleum  ether  and  Insoluble  in  water. 

Found ‘7o;  N  18.83;  Cl  11.66.  CuHitOjN^CI.  Calculated  *70;  N  18.88;  Cl  11.95. 

3-Chloro-6-nitro-2-dlmethylaminoethylindazole  was  obtained  similarly  in  91*70  yield.  It  appeared  as  yel¬ 
low  prisms  [from  a  mixture  of  benzene  and  n-heptane  (1:1)]  with  m.p.  116.5-117*,  which  were  readily  soluble  in 
acetone,  alcohol,  dichloroetliane  and  ether,  more  difficultly  so  in  petroleum  ether  and  insoluble  in  water. 

Found  *7o:  N  20.95;  Cl  13.07.  CnHijO^N^Cl.  Calculated  <7o:  N  20.85;  Cl  13.20. 

fl-[2-(6-Nitrolndazole)-ethyl]-diethylmetliylammonium  iodide,  a)  3  g  of  methyl  iodide  was  added  to  a 
solution  of  1.32  g  of  6-nltro-2-dietliylaminoethylindazole  in  10  ml  of  anhydrous  benzene.  The  mixture  was  left 
overnight.  Tire  precipitate  was  collected  and  washed  witli  anhydrous  benzene.  We  obtained  1.92  g  (95*7o)  of  sub¬ 
stance;  the  narrow,  yellow  plates  with  m.p.  177-178*  (with  decomp.)  were  readily  soluble  in  water,  more  diffi¬ 
cultly  so  in  alcohol  and  acetone  and  Insoluble  in  etiier.  For  analysis,  the  substance  was  recrystallized  from  an¬ 
hydrous  alcohol,  when  the  melting  point  did  not  change. 

Found  *7e>:  C  41.64;  H  5.19;  N  13.57;  131.21.  Ci4H2iOiN4l.  Calculated  *7o;  C  41.70;  H  5.24;  N  13.86; 
131.39. 

b)  A  mixture  of  1.32  g  of  6-nitro-2-diethylaminoethylindazole  and  3  ml  of  methyl  iodide  was  heated  in  a 
sealed  tube  at  100“  for  six  hours.  At  tlie  end  of  the  reaction,  the  precipitate  was  collected  and  washed  with  dry 
benzene:  we  obtained  2.01  g  of  a  light-yellow  compound  witli  m.p.  177-178*  (with  decomp.),  whose  melting 
point  was  not  changed  after  recrystalUzatlon.  A  mixed  melting  point  with  the  compound  obtained  in  experiment 
"a"  was  not  depressed.  The  yield  was  quantitative. 

fl-[l-(6-Nitroindazole)-ethyl]-trimethylammonium  iodide  was  obtained  by  the  above  method  in  96.2*7o 
yield.  After  recrystallization  from  aqueous  alcohol,  the  substance  appeared  as  yellow  platelets  with  m.p.  257  to 
258*  (with  decomp.),  which  were  soluble  in  water,  more  difficultly  so  in  alcohol  and  acetone  and  insoluble  in 
benzene  and  ether. 

Found  *70:  C  38.57;  H  4.33;  N  14.94;  1  33.88.  Ci2Hn02N4l.  Calculated  *7o;  C  38.31;  H  4.55;  N  14.89; 

I  33.73. 

SUMMARY 

1.  The  1-  and  2-diethylaminoethyl  and  -dimethylaminoethyl  derivatives  of  6-nitroindazole,  6-aminoin- 
dazole  and  3-chloro-6-nitroindazole,  1-  and  2-dimethylaminoethylindazoles,  1-  and  2-dimethylaminoethyl-3- 
chlorindazoles  and  2-diethylaminoethyl-6-hydroxyindazole  were  prepared.  The  mixtures  of  1-  and  2-isomers 
obtained  were  resolved  by  fractional  crystallization  of  the  hydrochlorides  or  fractional  precipitation  of  the  pic- 
rates.  The  structures  of  the  1-  and  2-substituted  indazoles  obtained  were  proved  by  comparison  of  their  ultra¬ 
violet  spectra  with  the  spectra  of  the  corresponding  1-  and  2-methylindazoles. 

2.  It  was  shown  that  when  a  mixture  of  1-  and  2-diethylaminoethyl-6-aminoindazoles  was  heated  with  IQPjo 
sulfuric  acid,  only  the  2-substituted  derivative  was  converted  into  the  6 -hydroxy  derivative,  while  in  the  1 -sub¬ 
stituted  derivative,  the  amino  group  in  position  6  was  not  replaced  by  hydroxyl. 
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REACTION  OF  PHENAZINE  AND  PHENAZINE  N-OXIDE 
WITH  ORGANOMAGNESIUM  HALIDES 

A. I.  Klprlanov  and  G.M.  Prilutskll 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 


The  reaction  of  phenazlne  with  organomagneslum  halides  has  not  been  studied  up  to  now.  There  Is  In¬ 
formation  in  the  literature  on  the  action  of  organomagneslum  halides  on  quaternary  salts  of  phenazlne.  Freund 
and  Richard  [1]  found  that  the  action  of  alkyhnagnesium  halides  on  flavindullne  formed  phenylallqrldlhydrophena 
zlnes,  whose  structure  diey  were  unable  to  establish  exactly.  Later,  Mcllwain  [2]  and  Hllleman  [3]  Investigated 
the  reaction  of  salts  of  N -methyl phenazlne  with  methylmagnesium  Iodide  and  showed  that  this  yielded  a  certain 
amount  of  9,10-dimethyldlhydrophenazine.  hi  1950,  Mikhailov  and  Blokhina  added  phenyllithium  to  phenazlne. 
Without  being  isolated,  the  9 -lithium -10 -phenyldlhydrophenazine  formed  was  converted  into  9-methyl-lO- 
phenyldlhydrophenazine  by  the  action  of  methyl  iodide. 
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We  established  that  alkylmagneslum  bromides  react  with  phenazlne  similarly  to  phenyllithium.  Decom¬ 
position  of  the  addition  product  with  water  yields  9-alkyl-9,10-dihydrophenazines. 


MgBr  H 

I  I 

/\/^\/\ 

^  ■  ^1  AlkMgBr  [  II  II  I  H,0_ 


I  I  1  I  I 

V\n/V  SAn/ 

I 

Aik 


I 

Aik 


We  did  not  isolate  these  dihydto  derivatives,  which  are  unstable  in  air.  We  oxidized  them  with  dilute  nitric 
acid  into  the  corresponding  quaternary  salts  of  phenazlne  (in  yields  of  about  39®7o)  or  oxidized  them  in  alkaline 
solution  with  potassium  fenicyanlde  into  9-alkylphenazinones-2  (yields  of  up  to  50^^). 
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Our  experiments  showed  that  in  order  to  obtain  the  given  yields,  it  was  necessary  to  take  not  less  than  2.6 
moles  of  Grignard  reagent  per  mole  of  phenazine. 

The  action  of  alkylmagneslum  halides  on  phenazine  and  its  derivatives  is  of  interest  for  the  preparation 
of  quaternary  salts  of  phenazine  with  certain  higher  alkyls  at  tlie  nitrogen  atom.  Up  to  now  it  was  not  possible 
to  prepare  salts  of  N-lsopropyl-  and  N-cyclohexylphenazine.*  By  means  of  isopropylmagneslum  bromide  and  cy- 
clohexylmagneslum  bromide,  we  prepared  these  quaternary  salts  of  phenazine  in  yields  of  37  and  35‘7o,  respec¬ 
tively. 

The  reaction  of  phenylmagnesium  bromide  widi  phenazine  proceeded  differently  from  that  with  alkylmag- 
nesium  bromides.  If  the  reaction  product  of  phenazine  and  phenylmagnesium  bromide  was  treated  with  water,  it 
formed  a  blue  precipitate  of  phenazhydrln,  a  molecular  compound  of  dihydro  phenazine  and  unreacted  phenazine. 
MikJiailov  and  Blokhina  [4]  observed  a  similar  phenomenon  when  phenazine  was  treated  wltii  phenylUthlum  at  an 
elevated  temperature.  Simultaneously,  these  authors  isolated  diphenyl  from  the  reaction  products.  We  also  de¬ 
tected  diphenyl.  Since  dihydrophenazine  may  only  be  formed  from  the  dimagneslum  derivative,  the  reaction 
may  be  represented  by  the  following  over -all  equation 

MgBr 
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We  did  not  investigate  the  mechanism  of  this  reaction. 

The  reaction  of  organomagnesium  halides  with  phenazine  N-oxide  was  of  considerably  greater  interest 
from  tlie  preparative  point  of  view.  As  would  be  expected,  the  Grignard  reaction  added  to  the  oxide  molecule. 
Treatment  of  the  reaction  product  with  mineral  acid  yielded  a  quaternary  salt. 
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The  difficulty  of  reacting  organomagnesium  halides  with  phenazine  and  phenazine  oxide  was  caused  by 
the  low  solubility  of  phenazine  and  its  oxide  in  ether.  We  were  obliged  to  mix  a  suspension  of  the  reagents  with 
an  ether  solution  of  the  Grignard  reagent  on  a  shaker  in  the  presence  of  glass  beads  for  a  long  time,  hi  the  case 
of  both  phenazine  and  Its  oxide,  a  large  excess  of  organomagnesium  halide  was  required. 

The  reaction  of  phenazine  oxide  with  arylmagnesium  halides  was  of  particular  interest  since  it  gave  N- 
arylphenazonium  salts,  which  could  not  be  obtained  from  phenazine  by  other  methods  up  to  now.  We  synthesized 
two  such  salts,  N-phenylphenazonium  perchlorate  and  N-p-tolylphenazonium  perchlorate.  The  ultraviolet  ab¬ 
sorption  curves  of  N-phenylphenazonium  and  N-ethylphenazonium  perchlorates  were  very  similar,  but  the  maxima 
of  the  phenyl  derivative  (Xjjjiax  386  m/i,  ci  2.24- 10^,  Xjmax  260  mji,  6.60*  10^)  were  not  shifted  toward 
longer  wavelengths  as  might  be  expected,  but  toward  shorter  wavelengths  in  comparison  with  the  maxima  of  the 
N-ethyl  derivative  (Xjfnax  390  m/i,  cj  2.12*  10^,  261  m/i,  £2  5.80*  10^).  This  and  also  the  fact  that,  in 

contrast  to  the  N-ethyl  derivative,  the  N -phenyl  derivative  did  not  fluoresce  under  an  ultraviolet  lamp  supports 
the  hypothesis  tiiat,  under  the  effect  of  steric  hindrance,  the  phenyl  group  in  the  N-phenylphenazonlum  cation  is 
forced  out  of  the  plane  of  the  phenazine  nucleus. 


•Esters  of  o-nitrobenzenesulfonic  acid  are  most  convenient  for  the  preparation  of  quaternary  salts  of  phenazine 
[5],  but  die  isopropyl  and  cyclohexyl  esters  of  this  acid  are  unstable  compounds. 
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In  aqueous  solution,  N-phenylphenazonium  perchlorate  is  very  readily  oxidized  in  the  light.  This  yielded 
the  previously  unknown  phenyl  analog  of  the  natural  antibiotic  pyocyanin 10-phenylphenazinone-l. 
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An  alcohol  solution  of  10-phenylphenazinone-l  had  a  green  color  and,  like  an  alcohol  solution  of  10- 
ethylphenazinone-1,  a  broad  maximum  between  720  and  760  mp. 

The  absorption  curves  of  the  two  phenazinones  in  benzene  clearly  showed  two  absorption  maxima,  at  695 
mp  (more  intense)  and  750  mp  for  N-phenylphenazinone  and  at  685  mp  (more  intense)  and  740  mp  for  N-ethyl- 
phenazinone.  When  acidified  with  sulfuric  acid,  the  blue  alcohol  solutions  of  phenazinones  became  red  as  a  re¬ 
sult  of  the  formation  of  phenazinol  salts 
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which  have  absorption  maxima  at  542  mp  with  R  =  CjjH5  and  at  555  mp  with  R  =  C6H5, 

Decker  and  Pschorr  [6]  showed  that  the  action  of  benzylmagnesium  chloride  on  N-methylqulnolone  and  on 
N-methyllsoquinolone,  with  subsequent  decomposition  of  the  reaction  products  with  acid  yielded  the  chloro- 
methylates  of  2-benzylquinoline  and  1-benzylisoquinoline.  Since  there  is  a  known  analogy  in  structure  and 
properties  between  N-alkylquinolones  and  N-alkylphenazinones,  we  attempted  to  add  ethylmagnesium  bromide 
to  9-etliylphenazlnone-2  and  to  10-ethylphenazinone-l.  However,  the  reactions  did  not  occur  even  when  the 
components  were  boiled  for  a  long  time  in  di-n -butyl  ether.  The  starting  materials  were  recovered  almost  com¬ 
pletely. 


EXPERIMENTAL 

N-Ethylphenazinium  perchlorate.  5.4  g  (0.03  mole)  of  phenazine  and  100  ml  of  dry  ether  were  shaken 
with  glass  beads  on  an  electric  shaker  for  one  hour.  Then,  when  the  phenazine  had  been  powdered  sufficiently, 
with  continued  shaking  five  7.5 -ml  portions  of  a  2  N  ether  solution  of  ethylmagnesium  bromide  were  added  at 
one-hour  intervals,  making  a  total  of  37.5  ml  (0.075  mole).  When  the  last  portion  had  been  added,  the  reaction 
mixture  was  shaken  for  a  further  six  hours.  On  the  following  day,  it  was  decomposed  with  60  ml  of  a  saturated 
ammonium  chloride  solution.  The  light-brown  ether  layer  was  separated  from  the  colorless  aqueous  layer  and 
the  latter  was  extracted  with  a  small  amount  of  ether.  The  combined  ether  extracts  were  dried  with  sodium  sul¬ 
fate  and  a  stream  of  dry  hydrogen  chloride  passed  through  the  ether  for  one  hour.  A  precipitate  formed  which 
gradually  turned  green  in  air.  It  was  collected  and  the  residual  ether  evaporated  almost  to  dryness.  The  green 
precipitate  was  combined  with  the  previous  one  and  the  two  suspended  in  50  ml  of  25*70  nitric  acid.  The  mixture 
was  heated  to  boiling  then  cooled,  the  solution  decanted  and  the  residual  brown  tar  extracted  three  times  with 
80 -ml  portions  of  boiling  water.  The  combined  aqueous  extracts  were  neutralized  with  sodium  carbonate  and 
the  precipitated  phenazine  (1.2  g,  m.p.  172*)  collected.  The  filtrate  was  acidified,  boiled  witii  a  small  amount 
of  activated  charcoal  and  evaporated  to  small  volume.  Sodium  perchlorate  was  added  to  the  solution.  Ethyl- 
phenazine  perchlorate  precipitated  in  a  yield  of  2.65  g  (39*7o).  After  recrystallization  from  water,  the  yellow 
prisms  had  m.p.  245“  (with  decomp.,  uncorr.). 

Found  *70:  Cl  11.40,  11.60.  CMH0O4N2CI.  Calculated  *70:  Cl  11.54. 

If  1  mole  of  etiiylmagnesium  bromide  was  used  per  mole  of  phenazine,  the  yield  of  ethylphenazine  per- 
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chlorate  fell  to  19.  S*!/©;  with  2  moles  of  ethylmagnesium  bromide,  the  yield  was  32.5*70,  The  use  of  more  than 
2.5  moles  of  ethylmagnesium  bromide  per  mole  of  phenazine  did  not  increase  the  yield. 

9-Ethylphenazinone-2.  5.4  g  (0.03  mole)  of  phenazine  was  treated  with  37.5  ml  of  2  N  ethylmagnesium 
bromide  solution  (0.075  mole)  in  dry  ether  as  above.  After  decomposition  of  the  reaction  mixture  with  ammonium 
chloride  solution,  the  ether  layer  was  separated,  washed  with  water  and  placed  in  a  three-necked  flask  fitted  with 
a  stirrer,  a  reflux  condenser  and  a  dropping  funnel.  To  the  ether  solution  was  added  a  solution  of  40  g  of  potas¬ 
sium  ferrlcyanlde  in  300  ml  of  water  and  then, with  vigorous  stirring,  a  solution  of  5  g  of  sodium  hydroxide  in  50 
ml  of  water  was  added  dropwise  over  a  period  of  two  hours.  The  color  of  the  emulsion  changed  from  yellow  to 
red.  Tlie  mixture  was  stirred  for  a  further  six  hours  and  then  the  ether  layer  separated  and  evaporated  to  dryness. 
The  aqueous  layer  was  extracted  several  times  with  chloroform,  the  extract  concentrated  to  small  volume  and 
then,  after  dissolving  the  residue  from  the  ether  solution  in  it,  it  was  chromatographed  on  aluminum  oxide.  We 
isolated  2.9  g  (43*^)  of  9-ethylphenazinone-2  with  m.p.  174*  and  1  g  of  phenazine  with  m.p.  172*. 

9-n-Propylphenazinone-2.  5.4  g  (0.03  mole)  of  phenazine  in  100  ml  of  dry  ether  was  treated  with  40  ml 
of  1.9  N  propylmagnesium  bromide  solution  as  above.  After  decomposition  of  the  reaction  mixture  with  70  ml 
of  a  saturated  solution  of  ammonium  chloride,  the  dihydro  compound  was  oxidized  in  an  aqueous  emulsion  as 
described  above.  As  a  result  of  chromatography,  we  isolated  2.7  g  (38*70)  of  9-n-propylphenazinone  which,  after 
recrystallization  from  water,  had  m.p.  166-168*  and  did  not  depress  the  melting  point  of  an  authentic  preparation. 

N-Isopropylphenazinium  perdilorate  was  prepared  from  5.4  g  of  phenazine  in  100  ml  of  ether  and  45  ml 
of  a  1.7  N  ether  solution  of  isopropylmagnesium  bromide.  The  yield  was  3.6  g  (37*7o)  and  after  recrystallization 
from  water,  the  substance  had  m.p.  196-197*  (with  decomp,). 

Found  *70:  Cl  10.80.  Ci5H,504N2Cl.  Calculated  *7o;  Cl  10.99. 

9-n-Butylphenazinone-2  was  obtained  from  the  appropriate  starting  materials  in  a  yield  of  3  g  (43*7<j).  After 
recrystallization  from  water,  the  substance  had  m.p.  196-198*  (uncorr.).  A  mixed  melting  point  with  an  authen¬ 
tic  preparation  was  not  depressed. 

N-Cyclohexylphenazinium  perchlorate  was  synthesized  from  5.4  g  of  phenazine  in  100  ml  of  ether  and  38 
ml  of  a  2  N  etlier  solution  of  cyclohexylmagnesium  bromide  in  a  yield  of  3.7  g  (35*7o).  After  recrystallization 
from  water,  the  orange  prisms  had  m.p.  169-171*  (with  decomp.). 

Found  *7o:  Cl  9.60,  9.42.  CnHigO^NjCl.  Calculated  *70;  Cl  9.78. 

9-Cyclohexylphenazinone-2  was  obtained  from  the  same  starting  materials  in  a  yield  of  3.3  g  (40*7o).  After 
recrystallization  from  aqueous  methanol,  the  substance  formed  red  tablets  with  m.p.  146-150*  and  with  an  ab¬ 
sorption  maxima  in  alcohol  solution  at  363  and  522  m/i. 

Found  *7o;  N  9.90,  10.02.  CuHigON2.  Calculated  *7o;  N  10.05. 

9- Cyclohexylphenazinone-2  gave  a  salt  with  hydrochloric  acid,  which  was  recrystallized  from  5*7o  hydro¬ 
chloric  acid,  but  did  not  have  a  sharp  melting  point.  The  absorption  maxima  of  the  salt  in  5*7o  hydrochloric  acid 
were  at  259  and  392  mp. 

Found  *7o:  Cl  10.90,  10.94.  CigHujONjCl.  Calculated  *70;  Cl  11.10. 

10- Cyclohexylphenazinone-l.  A  solution  of  3.62  g  (0.01  mole)  of  N-cyclohexylphenazinium  perchlorate 
and  2  g  of  sodium  carbonate  in  1  liter  of  water  was  left  in  sunlight  for  three  days.  Then,  after  a  further  addition 
of  sodium  carbonate,  the  dark-blue  solution  formed  was  extracted  with  chloroform.  The  chloroform  extract  was 
chromatographed  on  aluminum  oxide.  We  obtained  1.36  g  (50*7o)  of  blue  needles  of  phenazinone  with  m.p. 
148-149*.  The  absorption  maximum  of  an  alcohol  solution  was  not  sharp  and  lay  at  about  750  mfii  phenazinone 
was  readily  soluble  in  chloroform  and  difficultly  so  in  water. 

Found  *7o;  N  9.94,  10.03.  C^HijONj.  Calculated  *7o:  N  10.05. 

Reaction  of  phenazine  with  phenylmagnesium  bromide.  5.4  g  of  phenazine  in  100  ml  of  dry  ether  was 
placed  in  a  bottle  with  a  ground-glass  stopper,  containing  glass  beads.  16  ml  of  2  N  phenylmagnesium  bromide 
solution  was  added  to  the  mixtiure,  cooled  in  ice  water.  The  mixture  was  shaken  mechanically  for  12  hours.  De¬ 
composition  of  the  reaction  product  with  ammonium  chloride  solution  produced  a  dark-blue  precipitate,  which 
was  collected,  waslied  several  times  with  ammonium  chloride  solution  and  with  water,  and  dried  in  a  desiccator 
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over  sulfuric  acid.  The  dark-blue  powder  obtained  (5  g)  was  found  to  be  phenazhydrin,  since  after  recrystalUza - 
tion  from  alcohol,  it  formed  blue  needles  with  m.p.  209*,  which  did  not  depress  the  melting  point  of  phenazhy¬ 
drin,  obtained  by  another  method.  When  boiled  with  dilute  nitric  acid,  it  was  converted  into  phenazine  with 
m.p.  171*.  By  means  of  chromatography  on  aluminum  oxide,  the  ether  solution  yielded  diphenyl  with  m.p.  67-68*. 
Performing  the  reaction  in  benzene  gave  the  same  result.  If  insufficient  phenylmagnesium  bromide  were  used, 
less  phenazhydrin  was  isolated  and  phenazine  remained  in  the  etherj  with  excess  phenylmagnesium  bromide, 
phenazhydrin  was  not  precipitated  immediately  after  decomposition  of  the  reaction  mixture  with  ammonium 
chloride  solution.  All  attempts  to  prepare  aposafranone  (9-phenylphenazInone-2)  by  oxidation  of  the  ether  ex¬ 
tract  with  potassium  ferricyanide  were  unsuccessful. 

N-Ethylphenazinium  perchlorate  from  phenazine  N -oxide  and  ethylmagnesium  bromide,  3.92  g  (0.02  mole) 
of  phenazine  N -oxide  in  80  ml  of  dry  ether  was  treated  witli  30  ml  of  a  2.1  N  ether  solution  of  ethylmagnesium 
bromide  in  the  same  way  as  described  above  in  the  reaction  of  ethylmagnesium  bromide  with  phenazine.  The 
mixture  was  decomposed  with  30  g  of  Ice  and  50  ml  of  2QPjo  hydrochloric  acid.  The  aqueous  layer  was  separated, 
neutralized  to  a  Just  weakly  acid  reaction  with  sodium  carbonate,  filtered  free  from  precipitate  and  evaporated 
to  small  volume.  The  quaternary  salt  was  precipitated  with  sodium  perchlorate.  The  yield  was  2.20  g  (34*70)  and 
after  recrystallization  from  water,  the  substance  had  m.p.  245*  (uncorr.).  Decreasing  the  amount  of  ethylmag¬ 
nesium  bromide  sharply  reduced  the  yield  while  increasing  it  above  3  moles  per  mole  of  phenazine  oxide  did  not 
give  an  increase  in  yield. 

N-phenylphenazinium  perchlorate  was  obtained  as  above  from  5.88  g  of  phenazine  N-oxide  in  120  ml  of 
dry  ether  and  8  ml  of  a  1.7  N  ether  solution  of  phenylmagnesium  bromide.  The  yield  was  3.6  g  (32*70)  and.after 
recrystallization  from  30*7o  alcohol,  the  brown  prisms  had  m.p.  262*. 

10-Plienylphenazinone-l.  A  solution  of  3.72  g  (0.01  mole)  of  N-phenylphenazinium  perchlorate  and  1  g 
of  sodium  carbonate  in  500  ml  of  water  was  irradiated  with  a  high-pressure  mercury  lamp  for  ten  hours.  The 
color  of  the  solution  changed  from  yellow  to  blue -violet.  More  sodium  carbonate  was  added  to  the  solution, 
wliich  was  extracted  with  chloroform.  After  removal  of  part  of  the  dtloroform,  the  residue  was  chromatographed 
on  aluminum  oxide.  We  obtained  1.5  g  (55*70)  of  blue  needles.  After  recrystallization  from  50*7o  alcohol,  the 
substance  had  m.p.  224-225*  (uncorr.). 

Found  *7o:  N  10.08,  9.99.  CigHcONj.  Calculated  *70:  N  10.28. 

N-p-Tolylphenazinium  perchlorate  was  obtained  similarly  to  the  other  quaternary  salts  from  3.92  g  (0.02 
mole)  of  phenazine  N-oxide  in  80  ml  of  ether  and  60  ml  of  a  1  N  solution  of  p-tolylmagnesium  bromide.  The 
yield  was  3.1  g  (37.5*7o)  and,  after  recrystallization  from  50*7o  alcohol,  the  brown  cubes  had  m.p.  255-256*. 

Found  *7o;  N  9.32,  9.48.  C19H15O4N2CI.  Calculated  *7o:  N  9.60. 

SUMMARY 

The  action  of  organomagnesium  halide  compounds  on  phenazine  yielded  9-alkyl-9,10-dihydrophenazines, 
which  gave  quaternary  salts  of  phenazine,  when  oxidized  in  an  acid  medium.  Quaternary  salts  of  phenazine  were 
also  synthesized  by  the  action  of  organomagnesium  halides  on  phenazine  oxide  and  decomposition  of  the  reac¬ 
tion  products  with  acid.  N-Phenylphenazinium  perchlorate  was  prepared  by  the  latter  method  and  oxidized  photo- 
chemically  to  9-phenylphenazinone-2. 
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It  is  known  that  certain  derivatives  of  chromone  are  [diysiologically  active  materiab.  Thus,  for  example, 
kellin  (2-methyl-5,8-dlmethoxy-6,7-furanochromone)  has  come  into  use  as  a  spasmolytic.  Properties  similar  to 
those  of  kellin  are  shown  by  other,  simpler-substituted  chromones  [1-4],  including  chromonecarboxyllc-2  acid 
and  its  esters.  It  was  recently  found  that  chromonecarboxylic-2  acid  possesses  a  clearly  expressed  anticonvulsive 
action  [5]. 

In  order  to  find  new  pharmacologically  active  substances  and  to  elucidate  the  problem  of  the  relation  be¬ 
tween  activity  and  structure  in  the  chromone  series,  we  synthesized  certain  new  derivatives  of  chromonecarbox¬ 
ylic-2  acid.  While  there  is  data  available  in  the  literature  on  various  aliphatic  esters  of  chromonecarboxylic-2 
acid,  obtained  by  esterification  (for  example,  [1, 3]),  of  the  aryl  esters  die  only  one  known  is  the  phenyl,  which 
was  formed  in  low  yield  (18^o)  by  the  reaction  chromonecarboxylic-2  acid  with  phenol  in  the  presence  of  sulfuric 
acid  [3].  In  this  work  we  synthesized  aryl  esters  of  chromonecarboxyUc-2  acid  (I-Vni,  see  table),  starting  from 
the  acid  chloride  and  appropriate  phenols,  hi  most  cases,  the  acid  chloride  was  used  as  a  pyridine  solution,  ob¬ 
tained  by  treating  a  suspension  of  chromonecarboxyllc-2  acid  in  pyridine  with  thionyl  chloride. 

The  preparation  of  the  acid  chloride  of  chromonecarboxylic-2  acid  in  the  free  state  was  of  interest  in  it¬ 
self,  since  up  to  now  there  has  been  no  information  on  the  existence  of  acid  chlorides  of  y-pyrone-  and  y-benzo- 
pyronecarboxylic-2  acids.  An  attempt  to  convert  chromonecarboxylic-2  acid  into  its  acid  chloride  by  the  action 
of  thionyl  chloride,  described  previously,  was  unsuccessful  [3].  The  substance  isolated  contained  more  chlorine 
than  the  amount  calculated  for  the  acid  chloride.  A  detailed  investigation  of  this  reaction,  which  we  undertook, 
showed  diat  when  chromonecarboxylic-2  acid  was  boiled  (four  hours)  with  a  large  excess  of  thionyl  chloride,  to¬ 
gether  with  the  corresponding  acid  chloride,  a  considerable  amount  of  a  chlorine -containing  substance  of  un¬ 
known  structure  was  formed,  which  had  m.p.  93-94*  and  whose  yield  increased  with  an  increase  in  the  heating 
time.  This  substance  was  also  obtained  by  boiling  a  solution  of  the  acid  chloride  in  thioityl  chloride.  We  are 
determining  its  structure  at  the  present  time. 

To  obtain  a  high  yield  (88^o)  of  the  acid  chloride  by  the  reaction  of  chromonecarbaxylic-2  acid  and  excess 
thionyl  chloride,  it  was  necessary  to  perform  the  reaction  in  a  solvent,  for  example,  dichloroethane  or  dloxane. 

We  developed  a  convenient  procedure  for  synthesizing  chromonecarboxylic-2  acid  on  a  large  laboratory 
scale.  Chromonecarboxylic-2  acid  can  be  obtained  by  pyclization  of  the  difficultly  accessible  phenoxyfumaric 
acid  in  the  presence  of  sulfuric  acid  or  sulfuric  acid  and  acetyl  chloride  [6].  Another,  less  difficult  method  con¬ 
sists  of  the  condensation  of  o-hydroxyacetophenone  with  diethyl  oxalate  under  the  action  of  alkaline  agents  (so¬ 
dium  [7],  sodium  hydride  [1]  or  sodium  ethylate  [3])  into  the  sodio  derivative  of  ethyl  o-hydroxybenzoylpyruvate 
cyclization  of  this  under  the  action  of  mineral  acid  into  ediyl  chromonecarboxylate-2  and  hydrolysis  of  the  latter. 

o-Hydroxyacetophenone  was  used  as  the  starting  material  for  the  synthesis.  Many  papers  [8-13]  have  been 
devoted  to  the  problem  of  synthesizing  this  compound  from  phenyl  acetate  by  the  Fries  rearrangement.  Nonethe¬ 
less,  up  to  now  no  rapid  and  economical  laboratory  method  has  been  put  forward  for  preparing  o-hydroxyaceto¬ 
phenone  in  large  amounts.  We  should  note  that  certain  communications  on  the  predominant  migration  of  the 
acetyl  group  into  the  ortho  position  should  be  treated  with  care.  In  a  repeat  of  the  work  in  [14]  by  a  known  method 
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Aryl  Esters  of  Chromonecarboxylic  Acid 


Sub¬ 

stance 

No. 

n 

Empirical 

formula 

Yield 

(%) 

Melting 

point 

Found  (*7®) 

Calc.  (*7®) 

D 

H 

H 

(I) 

Cells 

86.5 

109.5-1 10‘»^ 

(11) 

2-011300,114 

C17H12O5 

77.7 

130..5— 131  •• 

(58.98 

4.17 

68.92 

4.08 

(III) 

.3-CIl30C„Il4 

0,711,205 

79.3 

124.5-125.2 

68.95 

4.25 

68.92 

4.08 

(IV) 

4-CII3OCBH4 

C17H12O5 

G9.2 

115  —11.5.5 

(59.32 

4.34 

68.92 

4.08 

(V) 

3,5-(Cll30)., Colls 

CihHhCo 

82.8 

134.8—135.5 

66.35 

4.29 

(5(5.26 

4..32 

(VI) 

2-0IIC(:„H4 

Oinllio^e 

85.0 

147.5—148 

69.(56 

3.61 

(59.39 

3.43 

(VII) 

a-Naphthyl 

C20II12C4 

77.8 

1.32  —133 

75.65 

3.64 

75.94 

3.82 

(VlII) 

P-Naphthyl 

C20II12C4 

70.2 

156  —156.5 

76.11 

3.93 

75.94 

3.82 

•According  to  data  In  [3]:  m.p.  104-105*. 

••Esters  (H-VIII)  were  recrystallized  from  alcohol. 


[10],  o-hydroxyacetophenone  was  isolated  in  25*70  yield  instead  of  70*70.  hi  exactly  the  same  way,  we  were  unable 
to  reproduce  experiments  from  [15],  according  to  which  phenyl  acetate  is  converted  into  o-hydroxyacetophenone 
In  70-80*70  yield  under  the  action  of  not  only  1  mole,  but  also  0.25  mole  of  aluminum  chloride.  Rienyl  acetate 
could  be  rearranged  in  amounts  of  up  to  5  moles  (larger  amounts  were  not  tried)  considerably  more  simply  and 
rapidly  If  the  whole  of  the  ester  was  added  directly  to  the  aluminum  chloride  with  vigorous  stirring.  The  yield 
of  o-hydroxyacetophenone  was  38-39*7®  (together  with  50-53*7®  of  the  para -isomer). 

We  used  sodium  ethylate  as  the  condensing  agent  in  the  reaction  of  o-hydroxyacetophenone  with  diethyl 
oxalate  [3].  The  condensation  was  carried  out  by  adding  a  mixture  of  o-hydroxyacetophenone  (2  moles)  and  di¬ 
ethyl  oxalate  to  a  solution  of  sodium  ethylate  in  alcohol  with  subsequent  heating  of  the  reaction  mixture.  The 
sodio  derivative  of  ethyl  o-hydroxybenzoylpyruvate  formed  was  converted  into  chromonecarboxylic -2  acid  by 
boiling  first  with  concentrated  and  then  with  dilute  hydrochloric  acid.  The  yield  of  pure  acid  was  72-80*7®. 


In  order  to  determine  the  effect  of  introducing  a  methoxy  group  into  the  benzene  nucleus  of  ethyl  chro- 
monecarboxylate-2  on  the  change  In  the  anticonvulsive  activity,  we  synthesized  the  ethyl  esters  of  6-  and  7- 
methoxychromonecarboxylic-2  acids. 


The  results  of  the  pharmacological  tests  on  some  of  the  preparations  obtained  will  be  reported  separately. 


EXPERIMENTAL 

Preparation  of  o-hydroxyacetophenone.  1  kg  of  anhydrous  aluminum  chloride  was  placed  in  a  round-bot¬ 
tomed  flask  (5  liter),  fitted  with  a  mechanical  stirrer,  capable  of  moving  the  precipitate  from  the  bottom.  The 
flask  was  set  in  an  oil  bath.  Over  a  period  of  1-3  minutes,  680.5  g  of  phenyl  acetate  was  added  to  the  aluminum 
chloride  and  the  stirrer  started.  The  reaction  mixture  heated  up  (120-130*)  and  a  vigorous  evolution  of  hydrogen 
chloride  occurred.  Stirring  was  continued  until  the  contents  of  the  flask  thickened  (~30  minutes).  The  oil  bath 
was  rapidly  heated  to  130-140*  and  kept  at  this  temperature  for  two  hours.  The  cooled  melt  was  decomposed  widi 
ice  and  water  in  such  a  way  that  the  mixture  did  not  boil.  The  o-hydroxyacetophenone  was  distilled  from  the 
same  flask  with  superheated  steam  (150-180*)  and  extracted  from  the  distillate  with  carbon  tetrachloride  with 
salting  out.  The  combined  extracts  were  dried  with  sodium  sulfate.  The  solvent  was  evaporated.  Vacuum  dis¬ 
tillation  yielded  259-264  g  (38-39*7®)  of  o-hydroxyacetophenone  with  b.p.  104-106*  (20  mm)  and  n*®D  1.5588. 

The  pure  substance  had  b.p.  106*  (20  mm),  n*®D  1.5593.  Literature  data:  b.p.  100*  (14  mm)  [16],  105-106* 

(20  mm)  [8],  n*®D  1.5593  [16].  p-Hydroxyacetophenone  crystallized  in  the  distillation  flask  on  cooling;  the  yield 
of  impure  material  was  340-362  g  (50-53^®). 

Preparation  of  chromonecarboxylic -2  acid.  In  a  round -bottomed  flask  (5  liter),  fitted  with  a  three-necked 
adaptor,  a  reflux  condenser  and  a  mechanical  stirrer,  was  prepared  a  solution  of  sodium  ethylate  (46  g  of  sodium 
and  1  liter  of  anhydrous  alcohol).  The  solution  was  cooled  to  30-40*  and  a  mixture  of  272.2  g  of  o-hydroxyaceto¬ 
phenone  and  438.3  g  of  diethyl  oxalate  was  added  to  it  rapidly  (1-3  minutes  with  stirring)  through  one  neck  of 
the  adaptor.  The  reaction  mixture  was  heated  (60-70*)  for  three  hours.  A  yellow  precipitate  of  the  sodio  derivativ* 
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of  ethyl  o-hydroxybenzoylpyruvate  separated.  The  mixture  was  cooled  to  20-30",  280  ml  of  cone.  HGl  added  and 
the  mixture  boiled  for  30  minutes.  Then,  without  cooling,  a  solution  of  920  ml  of  cone.  HCl  in  1.4  liters  of  water 
was  added  to  the  contents  of  the  flask,  which  were  boiled  for  a  further  three  hours.  The  chromonecarboxyllc-2 
acid  liberated  was  collected  on  the  following  day,  recrystallized  from  70^o  alcohol  (~3.5  liters)  with  decoloriza- 
tlon  with  activated  charcoal  (30-60  g).  We  obtained  a  first  fraction  of  chromonecarboxylic -2  acid,  weighing 
227-247  g  (dried  at  105*).  A  further  48-57  g  of  chromonecarboxyllc-2  acid  was  isolated  from  the  mother  solu¬ 
tion.  The  total  yield  was  275-304  g  (72-80^)  and  the  m.p.  250-251*  (with  decomp.).  Literature  data  [7]:  m.p. 
252*  (with  decomp.). 

The  Na-salt  was  isolated  as  colorless  flakes  by  the  addition  of  alcohol  to  a  concentrated  solution,  prepared 
by  treating  a  slight  excess  of  chromonecarboxylic -2  acid  with  sodium  bicarbonate  in  water. 

Found  C  56.48J  H  2.55.  CioHgO^Na.  Calculated  %  C  56.61;  H  2.37. 

Reaction  of  chromonecarboxylic -2  acid  with  thionyl  chloride,  a)  38  g  of  chromonecarboxylic -2  acid,  57 
ml  of  SOClj  and  90  ml  of  dichloroethane  were  boiled  until  all  the  acid  dissolved  (7-8  hours)  and  then  heated  for 
a  further  30  minutes.  The  dichloroethane  and  SOCl^  were  removed  in  vacuum  and  the  residue  treated  with  60  ml 
of  petroleum  ether,  filtered  off,  washed  with  petroleum  ether  (2x30  ml)  and  dried.  The  yield  of  the  light -yellow 
chromonecarboxylyl-2  chloride  witfi  m.p.  103-105*  was  36.7  g  (88*70).  When  recrystalUzed  from  petroleum  ether, 
the  substance  had  m.p.  105.5-106.5*.  It  formed  short,  colorless  needles. 

Found  *70;  C  57.80;  H  2.59;  Cl  17.04.  CipHsOjCl.  Calculated  *7o:  C  57.57;  H  2.42;  Cl  17.00. 

The  anilide  (from  the  acid  chloride  and  excess  aniline  in  dichloroethane  with  cooling)  had  m.p.  225-225.5*. 

Found®/®;  N  5.29.  CigHnOiN.  Calculated ‘7»:  N  5.28. 

When  shaken  with  an  aqueous  solution  of  sodium  bicarbonate,  the  petroleum  ether  solutions  yielded  2  g  of 
a  chlorine -containing  substance  with  m.p.  93-94*. 

b)  Cliromonecarboxylic-2  acid  (38  g)  was  heated  with  SOClj  (100  ml)  for  nine  hours  (the  excess  thionyl 
chloride  was  removed  at  normal  pressure  and  the  residue  treated  with  aqueous  bicarbonate  in  the  absence  of  sol¬ 
vent);  the  yield  of  the  substance  with  m.p.  93-94*  was  31.3  g  (4.2  g  of  chromonecarboxylic  acid  was  recovered). 

Preparation  of  aryl  esters  of  chromonecarboxylic -2  acid.  Phenyl  ester  (I).  With  cooling,  1.4  g  of  SC)Cl2 
was  added  to  1.9  g  of  chromonecarboxylic -2  acid  in  7  ml  of  anhydrous  pyridine,  the  precipitate  ground  until  it 
dissolved  (~5  minutes)  and  then  a  solution  of  1.1  g  of  phenol  in  5  ml  of  absolute  ether  added.  After  45  minutes 
(without  cooling,  but  with  periodic  stirring),  15  ml  of  benzene  was  added  and  the  mixture  poured  into  10  ml  of 
cone.  HCl  with  ice.  The  precipitate  was  extracted  with  benzene  (in  the  case  of  esters  V  and  VI-VIII  benzene 
was  not  added  and  the  precipitate  was  filtered  off  and  washed  with  ether)  and  the  extracts  washed  with  sodium 
bicarbonate  solution  and  water  and  dried  with  sodium  sulfate.  The  benzene  was  removed  in  vacuum  and  the 
residue  treated  with  a  mixture  of  ether  and  petroleum  ether.  We  obtained  2.3  g  of  the  phenyl  ester  of  chromone- 
carboxylic-2  acid  with  m.p.  108.5-109.5*.  It  was  purified  by  recrystallization  from  petroleum  ether  (activated 
charcoal). 

o-Formylphenyl  ester  (VI).  A  solution  of  1.46  g  of  salicylaldehyde  in  3  ml  of  pyridine  was  added  to  2.1  g 
of  chtomonecarboxylyl-2  chloride  in  7  ml  of  pyridine  at  0*.  After  one  hour  (20*),  20  ml  of  benzene  was  added 
and  the  mixture  poured  into  15  ml  of  cone.  HCl  and  ice.  The  precipitate  was  collected,  washed  with  dilute  hy¬ 
drochloric  acid,  sodium  bicarbonate  and  water  and  dried.  We  obtained  2.5  g  of  ester  (VI)  with  m.p.  146-147*. 

Ethyl  ester  of  7 -m  ethoxy  chromonecarboxylic -2  acid.  16.6  g  of  2-hydroxy-4-methoxyacetophenone  was 
condensed  with  29.2  g  of  diethyloxalate  in  the  presence  of  sodium  ethylate  (2.3  g  of  Na  and  50  ml  of  anhydrous 
alcohol)  as  in  the  preparation  of  chromonecarboxyllc-2  acid.  Then  14  ml  of  cone.  HCl  was  added,  the  mixture 
boiled  for  30  minutes  and  cooled  and  0.5  liter  of  water  added.  The  precipitate  was  collected,  dried  (weight  20  g) 
and  treated  with  aqueous  sodium  bicarbonate  to  give  the  ethyl  ester  of  7 -methoxy chromonecarboxylic -2  acid; 
the  yield  was  16  g  (64.5*7®).  The  m.p.  was  122-123*  (from  alcohol  and  benzene). 

Found  *7®:  C  62.91;  H4.81.  CoH^Os.  Calculated  *7®:  C  62.89;  H  4.87. 

Acidification  of  the  bicarbonate  solution  (^ecipitated  2.7  g  of  7 -methoxy chromonecarboxylic-2  acid.  The 
m.p.  was  265*  (with  decomp.;  rapid  heating).  According  to  data  [17]:  m.p.  261*  (with  decomp.). 
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Ethyl  ester  of  6-methoxychromonecarboxyllc-2  acid.  This  was  synthesized  similarly  to  the  ethyl  ester  of 
chromonecarboxylic-2  acid  [3],  starting  from  2-hydroxy -5 -methoxyacetophenone.  The  m.p.  was  100.5-101* 
(from  50*70  alcohol  and  li groin). 

Found  <7o:  C  63.08j  H  4.92.  CjjHaO^.  Calculated C  62.89j  H4.87. 

SUMMARY 

1.  A  series  of  aryl  esters  of  chromonecarboxylic-2  acid  was  synthesized. 

2.  A  study  was  made  of  the  reaction  of  thionyl  chloride  with  chromonecarboxylic-2  acid  and  the  optimal 
conditions  for  preparing  the  acid  chloride  of  the  latter  found. 

3.  A  simplified  method  is  presented  for  preparing  chromonecarboxylic-2  acid  on  a  large  laboratory  scale. 
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CYANINE  DYES  FROM  S  E  VEN  -  M  E  MB  ER  E  D  HETEROCYCLIC  SYSTEMS 
I.  STYRYLS  OF  THE  DIHYDROBENZOHEPTA -1.5-THIAZINE  SERIES 

L.K.  Mushkalo 
Kiev  State  University 


We  previously  showed  [1]  that  the  bromomethylate  and  broraoethylate  of  2,2,4-trimethyldihydrobenzohepta- 
1,5-thiazine  condensed  readily  with  p-dimethylaminobenzaldehyde  with  the  formation  of  dyes,  styryis.  In  sub¬ 
sequent  communications  [2]  it  was  noted  that  other  quaternary  salts  of  the  dihydrobenzohepta-l,5-thiazine  series 
we  synthesized  had  an  active  methyl  group  in  position  4. 

In  the  present  communication  we  describe  the  synthesis  of  p-dlmethylaminostyryls  from  seven -mem bered 
heterocyclic  systems  of  the  general  formula  (I)  and  some  of  their  optical  properties  were  investigated.  The  styryis 
were  very  readily  obtained  from  the  quaternary  salts  of  dihydrobenzohepta-l,5-thiazlne  derivatives.  For  this  pur¬ 
pose  it  was  sufficient  to  heat  equimolecular  amounts  of  the  quaternary  salt  and  p-dimethylamlnobenzaldehyde  in 
acetic  anhydride  on  a  water  bath  for  several  minutes. 


R' 


|>-CH=CH-^3^N(CH,)x 

^  ID 


The  properties  of  the  styryis  of  general  formula  (I)  are  presented  in  the  table. 

As  the  data  presented  in  the  table  show,  the  replacement  of  the  hydrogen  atoms  in  position  2  by  methyl 
radicals  does  not  affect  the  color  of  the  styryis.  Replacement  of  the  alkyl  groups  in  position  5  by  phenyl  shifts 
the  absorption  maximum  into  the  long -wave  region  of  the  spectrum  by  20-25  m/i. 

It  is  interesting  to  note  that  replacement  of  the  sulfur  atom  in  die  seven -member ed  ring  by  an  NH  group 
has  no  effect  at  all  on  the  color  of  the  styryis.  Thus,  for  example,  the  nitrogen  analog  of  dye  No.  8,  obtained  by 
us  previously  [3]  from  the  bromophenylate  of  2,2,4-trimethyldihydrobenzohepta-l,5-diazine,  also  has  an  absorp¬ 
tion  maximum  at  545  mp. 

The  action  of  alkali  on  alcohol  solutions  of  the  styryis  produces  decolorization.  The  styryl  bases  obtained 
in  this  way,  which  apparently  have  structure  (U),  again  form  the  original  dyes  with  mineral  acids. 
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-CH=CH-^ _ ^-N(CH3)2 


(11) 


In  the  last  column  of  the  table  are  presented  the  absorption  maxima  of  alcohol  solutions  of  the  free  bases 
of  general  formula  (R)  for  dyes  6-8. 
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Dye 
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210 

93 
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The  condensation  of  the  bromophenylate  of  2,2,4-trlmethyldIhydrobenzohepta-l,5-thiazine  with  p-hydroxy- 
benzaldehyde  formed  the  hydroxystyryl  of  structure  (III). 
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The  action  of  ammonia  produced  elimination  of  acid  due  to  the  hydrogen  of  the  hydroxyl  group  and  formed 
the  styryl  anhydro  base  (IV).  When  4-hydroxynaphthaldehyde  was  used  for  this  condensation,  the  reaction  product 
was  tlie  anhydro  base  of  benzohydroxystyryl,  which  did  not  form  a  salt  with  mineral  acids. 

Tlie  hydroxystyryl  anhydro  bases  obtained  were  intraionoid  dyes,  possessing  solvatochromic  properties. 

Their  color  deepened  with  an  increase  in  the  polarity  of  the  solvent.  Thus,  for  example,  anhydro  base  (IV)  had 
an  absorption  maximum  at  466  m/i  In  benzene  and  at  534  m/i  in  alcohol.  The  anhydro  bases  obtained  from  4- 
hydroxynaphthaldehyde  had  absorption  maxima  at  496  and  538  mp,  respectively. 


EX  PERIMENTAL 

Ethylperchlorate  of  4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thlazine. ,  A  mixture  of  0.15  g  of 
the  ethylperchlorate  of  4-methyldihydrobenzohepta-l,5-thiazine,  0.1  g  of  p-dimethylaminobenzaldehyde  and 
1.5  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  20  minutes.  The  crystals  of  styryl  precipitated  were 
collected  and  washed  with  water,  alcohol  and  ether.  The  yield  of  styryl  perchlorate  was  0.18  g  (68^);  the  m.p. 
was  211*  and  the  absorption  maximum  in  alcohol  at  520  mp. 

Found  *70;  N  6.21,  6.26.  C21H2BO4N2SCI.  Calculated  N  6.41. 

Bromophenylate  of  4-(p-dimethylaminostyryl)-dihydtobenzohepta-l,5-thlazlne.  A  mixture  of  1.7  g  of  the 
bromophenylate  of  4-methyldihydrobenzohepta-l,5-thiazine,  0.76  g  of  p-dlmetliylamlnobenzaldehyde  and  4  ml 
of  acetic  anhydride  was  heated  on  a  water  bath  for  seven  minutes.  The  crystak  were  collected  and  washed  with 
water  and  alcohol.  The  yield  was  0.95  g  (41*^0);  the  m.p.  was  220-221"  and  the  absorption  maximum  at  546  m/i. 

Found  <70:  N  5.90,  6.00.  C26H25N2SBr.  Calculated ‘7o:  N  6.02. 

The  iodophenylate  of  4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine  was  obtained  by  the 
usual  method  from  the  styryl  bromophenylate  and  potassium  iodide  and  had  m.p.  232*. 

Found  *7o:  N  5.28;  1  24.76.  C25H25N2SI.  Calculated*^:  N  5.46;  124.80. 

lodomethylate  of  2 -methyl-4 -(p-dimethylaminostyryl)-dihydrobenzohepta-l, 5 -thiazine.  A  mixture  of 
0.7  g  of  the  methyl  methosulfate  of  2,4-dimethyldihydrobenzohepta-l,5-thiazlne,  0.32  g  of  p-dlmethylamlno- 
benzaldehyde  and  3  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  30  minutes.  The  precipitated  styryl 
crystals,  which  weighed  0.5  g  (51®7o),  were  converted  by  the  usual  method  into  the  lodomethylate  of  2 -methyl-4 - 
(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine,  which  had  m.p.  230*  and  an  absorption  maximum  in 
alcohol  at  522  m/i. 
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Found‘d:  N  5.85,  5.96.  CnHjsNjSI.  Calculated*^.  N  6.03. 

Ethylperchlorate  of  2-methyl-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine.  Heating  a  mix¬ 
ture  of  0.33  g  of  the  etiiylperchlorate  of  2,4-dlmethyldihydrobenzohepta-l,5-thiazine,  0.15  g  of  p-dimethylamino- 
benzaldehyde  and  2  ml  of  acetic  anhydride  for  20  minutes  on  a  water  bath  yielded  0.34  g  (72*^0)  of  the  styryl.  The 
lustrous,  green  needles  had  m.p.  230"  and  an  absorption  maximum  In  alcohol  at  520  mp. 

Found‘d:  N  6.14;  Cl  8.05.  CjjHjtO^NjSCI.  Calculated  <^0;  N  6.22;  Cl  7.88. 

lodophenylate  of  2-methyl-4-(p-dlmetiiylamlnostyryl)-dlhydrobenzohepta-l,5-thiazlne.  A  mixture  of  1  g 
of  the  bromophenylate  of  2,4-dlmethyldihydrobenzohepta-l,5-thlazlne,  0.44  g  of  p-dimethylamlnobenzaldehyde 
and  3  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  20  minutes.  The  styryl  crystals  were  collected  and 
washed  with  alcohol  and  ether.  The  yield  of  styryl  was  0.63  g  (46*^).  For  purification,  the  styryl  was  converted 
into  the  lodophenylate  of  2-methyl-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazlne  by  the  usual 
method.  The  recrystallized  iodide  (from  alcohol)  had  m.p.  232*  and  an  absorption  maximum  in  alcohol  at  545 m^. 

Found‘d:  N  4.99;  1  24.05.  CjgHjTNjSL  Calculated 'V.  N  5.33;  124.14. 

Bromomethylate  of  2,2-dimethyl-4-(p-dlmethylaminostyryl)-dlhydrobenzohepta-l,5-thiazine.  A  mixture 
of  0.62  g  of  the  bromomethylate  of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine,  0.31  g  of  p-dlmethylamlno- 
benzaldehyde  and  3  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  one  hour.  The  precipitated  crystals 
were  recrystallized  from  alcohol.  The  yield  of  dye  was  0.5  g  (56*70),  the  m.p.  230*  and  the  absorption  maximum 
in  alcohol  at  522  mp.  The  action  of  alcoholic  potassium  hydroxide  on  an  alcohol  solution  of  the  styryl  formed 
a  yellow  base,  which  had  an  absorption  maximum  at  400  mp.  Acidification  of  a  solution  of  the  base  gave  a  sty¬ 
ryl  salt  with  an  absorption  maximum  at  522  mp. 

Found  *7o:  Br  18.37.  C22H27N2SBr.  Calculated  *7o;  Br  18.54. 

Bromoethylate  of  2,2-dimethyl-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazlne.  A  mixture  of 

1  g  of  the  bromoetliylate  of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine,  0.4  g  of  p-dimethylaminobenzalde- 
hyde  and  5  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  30  minutes.  The  yield  of  styryl  recrystallized 
from  alcohol  was  0.77  g  (51*7«>),  the  m.p.  247*  and  the  absorption  maximum  in  alcohol  at  523  mp.  The  free  base 
of  the  styryl  had  an  absorption  maximum  at  403  mp. 

Found  *7o:  Br  17.78.  C28H29N2SBr.  Calculated  *7o:  Br  17.97. 

Bromophenylate  of  2,2 -dimethyl -4 -(p-dimethylaminostyryl)-dlhydrobenzohepta-l, 5 -thiazine.  A  mixture 
of  0.5  g  of  the  bromophenylate  of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine,  0.21  g  of  p-dimethylamino- 
benzaldehyde  and  3  ml  of  acetic  anhydride  was  heated  for  30  minutes  at  50-60*.  The  crystals  of  styryl  were  col¬ 
lected  and  washed  witii  alcohol  and  ether.  The  yield  of  dye  was  0.57  g  (93*7o),  the  m.p.  210*  (from  alcohol)  and 
the  absorption  maximum  in  alcohol  at  547  mp.  The  styryl  base,  obtained  as  above,  had  an  absorption  maximum 
at  410  mp. 

Found  *7o;  Br  16.31.  C27H29N2SBr.  Calculated  *7o:  Br  16.22. 

Bromophenylate  of  2,2-dimethyl-4-(p-hydroxystyryl)-dihydrobenzohepta-l,5-thiazine.  A  mixture  of  0.36  g 
of  the  bromophenylate  of  2,2,4-trlmethyldihydrobenzohepta-l,5-thiazine,  0.11  g  of  p-hydroxybenzaldehyde  and 

2  ml  of  acetic  anhydride  was  heated  at  80*  for  ten  minutes.  The  condensation  product  was  precipitated  with 
ether  and  washed  with  a  large  amount  of  acetone.  The  yield  of  hydroxystyryl  was  0.16  g  (35*7o),  the  m.p.  188* 
and  the  absorption  maximum  in  alcohol  at  454  mp. 

Found  *7o;  N  2.87,  2.97;  Br  17.09.  CjsHjj^ONSBr.  Calculated  *7o;  N  3.00;  Br  17.17. 

Anhydro  base  of  2,2-dimethyl-5-phenyl-4-(p-hydtoxystyryl)-dihydrobenzohepta-l,5-thiazine.  To  a  heated 
solution  of  0.2  g  of  the  bromophenylate  of  2,2-dlmethyl-4-(p-hydroxystyryl)-dihydrobenzohepta-l,5-thiazine  in 
5  ml  of  alcohol  was  added  a  few  drops  of  ammonia  and  hot  water  until  turbidity  appeared.  The  crystals  which 
separated  were  recrystallized  from  aqueous  alcohol.  The  yield  of  the  anhydro  base  was  0.15  g  (89*7o)  and  the  ab¬ 
sorption  maximum  in  alcohol  at  534  mp,  in  chloroform,  at  531  mp,  in  benzene,  at  489  mp  and  in  hexane,  at 
466  mp. 

Found  *7o:  N  3.53,  3.67.  C26H23ONS.  Calculated  *7o:  N  3.62. 


1010 


Anhydro  base  of  2, 2  -dimethyl -5  -phenyl -4 -(p -hy droxybenzostyryl) -dlhy drobenzohepta  -1,5  -thlazlne.  A 
mixture  of  0.2  g  of  the  bromophenylate  of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine,  0.13  g  of  4-hydroxy- 
naphthaldehyde  and  3  ml  of  acetic  anhydride  was  heated  at  60*  for  30  minutes.  The  yield  of  the  bromophenylate 
of  the  hydroxystyryl  was  0.25  g  (80^)  and  the  m.p.  182*.  When  dissolved  in  alcohol,  the  salt  was  hydrolyzed  with 
the  formation  of  the  anhydro  base  with  m.p.  158*.  The  absorption  maximum  of  the  anhydro  base  in  alcohol  was 
at  538  mfji.  In  chloroform  at  526  m/i  and  in  benzene  at  496  mp. 

Found‘d  N  3.24,  3.43;  8  7.40,7.54.  CjgHjsONS.  Calculated*^  N  3.21;  8  7.54. 

8UMMARY 

It  was  shown  that  quaternary  salts  of  dihydrobenzohepta -1,5 -thlazlne  derivatives,  containing  a  methyl 
group  in  position  4,  readily  condense  with  p-dimethylaminobenzaldehyde  and  p-hydroxybenzaldehyde  with  the 
formation  of  the  corresponding  styryls.  The  quaternary  salts  of  p-hydroxystyryls  are  readily  converted  into  an¬ 
hydro  bases,  whose  colors  deepen  in  more  polar  solvents. 
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CYANINE  DYES  FROM  S  E  VEN  -  M  E  MB  ERE  D  HETEROCYCLIC  SYSTEMS 

IL  SYNTHESIS  OF  STYRYL  BASES  AND  THEIR  ANALOGS 
IN  THE  DIHYDROBENZOHEPTA-1.5-THIAZINE  SERIES 


L.K.  Mushkalo 
Kiev  Sute  University 


2,2,4-Trimethyldihydrobenzohepta-l,5-thia2ine  and  its  closest  homologs,  which  we  prepared  previously  [1], 
possess  an  active  methyl  group  in  position  4  and  readily  condense  with  aromatic  and  heterocyclic  aldehydes  with 
the  formation  of  styryl  bases  and  their  analogs. 


I  Lc. 


C— D  ^ 


(I) 


I— CH=CH— R 


R  =  -<^  ^-X; 


p-Dlmethylaminostyryls  (I,  R= — ^ — N(CH3)2)  were  obtained  by  the  fusion  of  equimolecular 

amounts  of  the  free  bases  of  2.4-dlmethyl-  and  2,2.4-trimethyldihydrobenzohepta-l,5-thiazlnes  and  also  their 
8-nltro  and  8-acetamino  derivatives  with  p-dlmethylaminobenzaldehyde  on  a  water  bath.  The  yellow  styryl 
bases  thus  obtained  reacted  with  mineral  ados  to  form  styryl  dyes  (II),  which  had  a  deeper  color  than  the  bases 
and  the  absorption  maximum  was  shifted  by  120  mp. 


xS-eB' 


NrCHoU 


The  same  styryl  dyes  may  be  obtained  directly  from  the  appropriate  hydrohalides  of  the  seven -membered 
heterocyclic  bases  and  p-dimethylaminobenzaldehyde  in  an  acetic  anhydride  medium.  The  second  method  is 
preferable  since  the  salts  can  be  isolated  from  the  reaction  mixture  more  readily. 

The  styryls  obtained  in  this  way  are  unusual  cyanine  dyes  containing  hydrogen  atoms  instead  of  hydrocarbon 
radicals  at  the  ring  nitrogen  atoms  of  the  seven -membered  ring.  These  dyes  are  readily  decolorized  by  ammonia 
with  the  formation  of  styryl  bases.  They  again  give  dyes  witir  acids. 
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(Ill)  (IV) 


The  styryl  (IV)  had  the  same  color  as  the  styryl  (Table  1,  No.  2)  obtained  from  the  hydrochloride  of  2,2,4- 
trimethyldihydrobenzohepta-l,5-thiazine.  Their  absorption  maxima  in  ethanol  solution  lay  at  523  and  520  m^, 
respectively.  This  Indicates  that  the  formation  of  styryls  involves  the  methyl  group  in  position  4  both  for  the 
free  bases  and  for  the  hydrohalides  of  heptathiazine  bases.  The  mediyl  group  in  position  3  is  not  reactive. 

Table  1  shows  data  on  the  effect  of  some  substituents  on  the  color  of  p-dimethylaminostyryb  and  also 
their  melting  points  and  yields. 

As  the  data  presented  (Table  1)  and  also  that  published  previously  [2]  show,  replacement  of  the  alkyls  by 
hydrogen  atoms  at  the  ring  nitrogen  atoms  of  the  seven -membered  rings  does  not  affect  the  color  of  the  styryls. 
The  Introduction  of  a  nitiro  group  Into  position  8  produces  a  bathochromic  shift  In  the  absorption  maximum  both 
In  the  free  base  and  Its  salt  by  35-38  mp.  An  acetylamlno  group  In  position  8  produces  a  shift  of  the  maximum 
toward  longer  wavelengths  of  the  spectrum  by  10  m/i. 

The  condensation  of  2, 2, 4-trlmethyldlhydrobenzohepta-l,5-thlazlneandlts hydrochloride  with  benzaldehyde, 


TABLE  1 


Dependence  of  Color  of  p-Dlmethylamlnostyryls 


-<( _ ^^-N(CH3)2 


on  the  Nature  of  Ae  Substituents 


Sam¬ 

ple 

No. 

X 

K 

R' 

Y- 

^max  "’K) 

M.p. 

Yield 

salt 

_ 

base 

I 

H 

H 

CH3 

C1 

520 

400 

243® 

70 

2 

11 

CH3 

C1!3 

Cl 

520 

400 

256 

66 

3 

NOa 

H 

CH3 

C104 

555 

436 

216 

55 

4 

NOa 

CHg 

CII3 

Br 

555 

436 

234 

74 

5 

(JH3CONH 

CH3 

CH3 

Cl 

530 

256 

52 
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TABLE  2 


Change  in  the  Color  of  Styryls  and  Their  Analogs  in  Relation  to  the  Composition  and 
the  Nature  of  the  Radical  R 


CH, 

8 - !-CHj 


n  i 

II 


CH=C1I-R 
Y- 


Sample 

No. 

Xmax  (i" 

M.p. 

Yield 

R 

Y- 

salt 

base 

1 

CbHb 

Cl 

3.50 

— 

195® 

80 

2 

P-CH3C8H4 

Cl 

375 

— 

187 

70 

3 

p-N02CeH4 

Cl 

355 

— 

183* 

60 

4 

o-N02C«H4 

Cl 

355 

— 

121* 

89 

5 

m-N02CeH4 

C104 

355 

— 

202 

64 

6 

p-OnCeH4 

Cl 

431 

325 

242 

56 

7 

0-OHC8H4 

Cl 

422 

— 

164 

19 

S 

\_/ 

^ 

-OH 

Cl 

495 

385 

232 

35 

9 

1  1 

Y 

II  1 

Cl 

407 

338 

225 

66 

10 

-liJ 

N 

M 

C104 

455 

375 

221 

61 

•  Melting  point  of  base. 


its  nltro  and  hydroxy  derivatives  and  also  with  furfural  and  a-pyrrolaldehyde  proceeds  similarly.  The  styryls  and 
their  analogs  thus  obtained  have  higher  colors  than  the  corresponding  p-dimethylaminostyryls.  This  case  is  illus¬ 
trated  by  Table  2.  The  same  table  gives  the  melting  points  and  yields  of  the  styryls. 

Data  presented  in  Tables  1  and  2  show  that  halochromism,  i.e.,  a  deepening  in  color  on  salt  formation,  is 
observed  both  in  unsubstlmted  styryls  and  in  nitro,  hydroxy  and  dimethylamino  derivatives.  The  shift  in  the  ab¬ 
sorption  maximum  toward  the  long-wave  region  of  the  spectrum  on  salt  formation  variesj  for  p-dlmethylamlno- 
styryls  it  is  120  mp,  for  p-hydroxystyryls,  106-110  mp  and  for  nitrostyryls  and  also  unsubstituted  styryls  the  halo- 
chromic  effect  is  insignificant.  For  the  furan  and  pyrrole  analogs  of  styryl,  the  bathochromic  shift  in  the  absorp¬ 
tion  maximum  during  salt  formation  is  69-80  mp  (Nos.  9  and  10,  Table  2);  here,  as  might  be  expected,  the  pyr¬ 
role  analog  has  a  deeper  color  than  the  furan  one  by  48  mp. 


EXPERIMENTAL 

Hydrochloride  of  2-methyl-4-(p-dimethylaminostyryl)-dihydrobenzohepta-1.5-thiazine.  A  mixture  of 
0.5  g  of  2,4-dimethyldihydrobenzohepta-l,5-thiazine  hydrochloride,  0.4  g  of  p-dimethylamlnobenzaldehyde 
and  2  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  30  minutes.  The  crystals  of  styryl  were  filtered  off 
and  washed  with  water,  alcohol  and  ether.  The  yield  of  styryl  hydrochloride  was  0.2  g  (2b°]o),  the  m.p.  243*  and 
the  absorption  maximum  in  alcohol  at  520  mp. 

Found  <yo:  N  7.85,  7.88.  CjoHaNjSCl.  Calculated ‘fe  N  7.81. 
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A  better  yield  of  styryl  was  obtained  by  condensation  of  2,4-dimethyldlhydrobenzohepta-l,5-thlazIne  pic- 
rate  with  p-dimethylaminobenzaldehyde  under  analogous  cbnditions.  From  0.5  g  of  2,4-dimethyldihydrobenzo- 
hepta-l,5-thlazlne  picrate  and  0.2  g  of  p-dimethylaminobenzaldehyde,  we  obtained  0.5  g  (70‘llk)  of  styryl  picrate 
with  m.p.  198*  (from  alcohol)  and  the  same  absorption  maximum  (at  520  mp). 

Found  <70:  N  12.80,  12.78.  CjbHjsOtNbS.  Calculated  <7o:  N  12.70. 

2-Methyl-4-(p-dlmethylaminostyryl)-dlhydrobenzohepta-l,5-thiazine.  Ammonia  was  added  dropwlse  to 
an  alcohol  solution  of  0.36  g  of  2-methyl-4-(p-dimethylamInostyryl)-dIhydrobenzohepta-l,5-thiazIne  hydro¬ 
chloride  until  a  yellow  color  appeared.  Then  the  warm  solution  of  the  base  was  diluted  with  water  until  turbidity 
appeared.  The  crystals  of  styryl  base  precipitated  were  recrystallized  from  alcohol.  We  obtained  0.2  g  of  free 
styryl  base  with  m.p.  160“  and  an  absorption  maximum  in  alcohol  at  400  mp.  With  acids  the  styryl  base  formed 
a  salt  with  a  color  120  mp  deeper. 

Found  *70:  N  8.70,  8.74.  C20H22N2S.  Calculated  <7o:  N  8.69. 

Hydrochloride  of  2,2-dlmethyl-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine.  A  mixture  of 
1  g  of  2,2,4-trimethyldlhydrobenzohepta-l,5-thiazine  hydrochloride,  0.6  g  of  p-dimethylaminobenzaldehyde  and 
5  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  ten  minutes.  The  crystals  of  styryl  were  filtered  and 
washed  with  water,  alcohol  and  ether.  The  yield  of  styryl  was  0.98  g  (66^0),  the  m.p.  256“  and  die  absorption 
maximum  in  alcohol  at  520  mp.  The  action  of  ammonia  on  an  alcohol  solution  of  the  styryl  salt  gave  the  styryl 
base,  which  had  an  absorption  maximum  at  400  mp. 

Found  “yo:  N  7.47,  7.57.  CjiHjsNjSCl.  Calculated  <70:  N  7.52. 

Fusion  of  the  free  base  of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine  with  p-dimethylaminobenzalde¬ 
hyde  on  a  water  bath  (without  solvent)  and  subsequent  treatment  of  an  alcohol  solution  with  hydrochloric  acid 
yielded  a  styryl  hydrochloride,  identical  with  that  described  above,  in  60*70  yield. 

Perchlorate  of  2-methyl-8-nitro-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine,  A  mixture 
of  0.3  g  of  2,4-dImethyl-8-nitrodihydrobenzohepta-l,5-thiazine  hydrobromide,  0.15  g  of  p-dimethylaminobenz¬ 
aldehyde  and  1.5  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  ten  minutes.  The  crystals  of  styryl  hy¬ 
drobromide  were  dissolved  in  alcohol  and  a  few  drops  of  perchloric  acid  added.  The  precipitated  crystals  of  styryl 
perchlorate  were  recrystallized  from  alcohol.  The  yield  of  styryl  was  0.25  g  (55*70),  the  m.p.  216"  and  the  ab¬ 
sorption  maximum  in  alcohol  at  555  mp. 

Found  *7o:  N  9.00,  9.02.  C20H22O6NSSCI.  Calculated  *7o;  N  8.98. 

2-Methyl-8-nitro-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine.  Ammonia  was  added  to  an 
alcohol  solution  of  2-methyl-8-nitro-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine  perchlorate 
until  the  red-violet  color  of  the  solution  disappeared.  The  precipitated  styryl  base  was  recrystallized  from  alco¬ 
hol.  We  obtained  orange  needles  of  styryl  base  with  m.p.  177"  and  an  absorption  maximum  in  alcohol  at  436  mp. 

Found  *7o:  N  11.50,  11.51.  CjoHgiO^NjS.  Calculated  *7o:  N  11.44. 

Hydrobromide  of  2,2-dimethyl-8-nitro-4-(p-dimethylaminostyryl)-dihydrobenzohepta-l,5-thiazine.  A 
mixmre  of  0.68  g  of  2,2,4-trimethyl-8-nitrodihydrobenzohepta -1,5-thiazine  hydrobromide,  0.35  g  of  p-dimethyl¬ 
aminobenzaldehyde  and  7  ml  of  acetic  anhydride  was  heated  on  a  water  bath  for  20  minutes.  The  precipitated 
styryl  crystals  were  recrystallized  from  alcohol.  The  yield  was  0.7  g  (74*70),  the  m.p.  234"  and  the  absorption 
maximum  in  alcohol  at  555  mp.  The  action  of  ammonia  on  an  alcohol  solution  of  the  styryl  salt  yielded  the 
styryl  base  with  an  absorption  maximum  at  438  mp. 

Hydrochloride  of  2, 2 -dimethyl-8 -acetylamino-4-(p-dimethylaminostyryl)-dihydrobenzohepta -1,5-thiazine. 
An  ether  solution  of  0.3  g  of  2,2,4-trimethyl-8-aminodihydrobenzohepta-l,5-thiazine  was  saturated  with  dry  hy¬ 
drogen  chloride.  The  amine  hydrochloride  obtained  was  dissolved  in  7  ml  of  acetic  anhydride,  0.25  g  of  p-di¬ 
methylaminobenzaldehyde  added  and  the  mixture  heated  on  a  water  bath  for  30  minutes.  The  violet  crystals  of 
styryl  precipitated  were  collected  and  washed  well  with  water  and  alcohol.  The  yield  of  styryl  hydrochloride  was 
0.26  g  (52*7o)  and  the  absorption  maximum  in  alcohol  at  530  mp. 

Found  *7o;  N  9.64,  9.51.  CjjHzsNjSCl.  Calculated  *7o:  N  9.78. 

Hydrochloride  of  3 -methylene-4 -(p-dimethylaminosryryl) -dihydrobenzohepta -1, 5 -thiazine.  We  prepared 
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1  g  of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine  with  0,74  g  of  o-nitrobenzaldehyde  as  in  the  previous  ex¬ 
periment.  The  yield  of  o-nitrostyryl  after  recrystallization  from  alcohol  was  1.4  g  (89^o)  and  the  m.p.  121". 

2, 2-Dimethyl -4 -(o-nitrostyryl)-dlhydrobenzohepta-l,5-thiazine  hydrochloride  had  an  absorption  maximum  in 
alcohol  at  355  mp. 

Found  <70:  N  7.75,  7.78.  CuHigO^NjS.  Calculated ‘7o;  N  7.93. 

The  third  isomer,  2,2-dimethyl-4-(n-nitrostyryl)-dihydrobenzohepta-l,5-thiazine  was  obtained  similarly 
to  the  previous  two  by  fusion  of  the  starting  components  on  a  water  bath.  It  was  isolated  in  tlie  form  of  its  per- 
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chlorate  by  the  addition  of  perchloric  acid  to  an  alcohol  solution  of  the  m -nitrostyryl  base.  The  yield  was  64*^ 
and  the  perchlorate  had  m.p.  202*  and  an  absorption  maximum  at  355  m^i.  The  base,  2, 2 -dimethyl-4 -(m -nitro¬ 
styryl) -dihydrobenzohepta- 1,5 -tliiazine,  was  isolated  from  the  perchlorate  in  the  usual  way  and  had  m.p.  157*. 

Foirnd'^o:  N  7.62,  7.78.  CiaHigO^NjS.  Calculated ‘Vo;  7.93. 

Hydrochloride  of  2,2-dimethyl-4-(p-hydroxystyryl)-dihydrobenzohepta-l,5-thiazine.  A  mixture  of  0.5  g 
of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine  hydrochloride.  0.3  g  of  p-hydroxybenzaldehyde  and  3  ml  of 
acetic  anhydride  was  heated  on  a  water  bath  for  five  minutes.  The  precipitated  crystals  of  hydrochloride  were 
recrystallized  from  alcohol.  The  yield  was  0.38  g  (56*70),  the  m.p.  242"  and  the  absorption  maximum  In  alcohol 
at  431  m/i. 

Found  70:  N4.10;  Cl  10.13.  CbHjoONSCI.  Calculated  7®:  N  4.05;  Cl  10.29. 

2,2  -  Dim  ethyl  -4  -(p-hydroxystyryl)  -  dihydrobenzohepta  -1,5  -thiazine.  0.1  g  of  the  p -hydroxy  styryl  hydro¬ 
chloride  was  mixed  with  5  ml  of  alcohol  and  the  mixture  heated  to  boiling.  To  the  heated  suspension  was  added 
several  drops  of  ammonia  and  the  precipitate  dissolved.  Water  was  added  to  the  solution  until  turbidity  appeared. 
Crystals  of  free  styryl  base  separated  in  the  form  of  light -yellow  scales  (0.07  g)  and  had  m.p.  202*  and  an  absorp¬ 
tion  maximum  in  alcohol  at  325  mp. 

Found  7o:  N  4.51,  4.29.  C19H19ONS.  Calculated  7o;  N  4.53. 

Hydrochloride  of  2,2-dlmethyl-4-(o-hydroxystyryl)-dihydrobenzohepta-l,5-thiazine.  A  mixture  of  0.5  g 
of  2,2,4-trimethyldihydrobenzohepta-l,5-thiazine  hydrochloride,  0.3  g  of  salicylaldehyde  and  5  ml  of  acetic  an¬ 
hydride  was  heated  on  a  water  bath  for  one  hour.  The  crystals  of  o-styryl  hydrochloride  were  recrystalUzed  from 
alcohol.  The  yield  was  0.14  g  (197o),  the  m.p.  164*  and  the  absorption  maximum  in  alcohol  at  422  m/i.  The 
action  of  ammonia  on  tlie  hydroxystyryl  hydrochloride  liberated  the  free  base  of  2,2-dimethyl-4-(o-hydroxystyryl)- 
dihydrobenzohepta- 1,5 -thiazine  as  light-yellow  crystals  with  m.p.  155". 

Found  7o:  N  4.74,  4.71.  CigH^ONS.  Calculated  7o:  N  4.53. 

Hydrochloride  of  2, 2-dimethyl -4-(p-hydroxy -2*, 3*-benzo5tyryl)]dihydrobenzohepta-l,5-thlazine  was  ob- 
tained  analogously.  From  0.5  g  of  2,2,4-trimethyldihydrobenzohepta-l,5-thlazine  hydrochloride  and  0.2  g  of 
4-hydroxynaphthaldehyde  we  obtained  0.29  g  (357o)  of  hydroxystyryl  hydrochloride.  After  recrystallization  from 
alcohol,  the  hydroxystyryl  hydrochloride  had  m.p.  232"  and  an  absorption  maximum  at  459  m/i. 

Found  7o:  N  3.75,  3.67.  C23H22ONSCI.  Calculated  7o;  N  3.54. 

The  free  base,  2,2-dimethyl-4-hydroxy-2’,3'-benzostyryl)-dihydrobenzohepta-l,5-thiazine,  obtained  by 
the  usual  metliod,  had  m.p.  196"  and  an  absorption  maximum  in  alcohol  at  385  m/i. 

Found  7o;  N  3.80,  4.02.  C23H21ONS.  Calculated  7o:  N  3.89. 

Hydrochloride  of  2, 2 -dlmethyl-4-[6-(a-furyl)-ethenyl] -dihydrobenzohepta -1,5 -thiazine.  A  mixture  of 
2.4  g  of  2,2,4-trimethyldihydrobenzohepta-l,5-thIazine  and  6  g  of  furfural  was  heated  on  a  water  bath  for  15 
minutes.  Then  6  ml  of  alcohol  and  hydrochloric  acid  were  added  to  the  reaction  product.  The  hydrocl  loride 
of  the  reaction  product  thus  obtained  crystallized.  The  yield  of  it  was  2.8  g  (677o).  After  recrystallization  from 
alcohol,  the  preparation  (yellow  needles)  had  m.p.  225"  and  an  absorption  maximum  in  alcohol  at  407  m/i. 

Found  7o;  N  4.25,  4.30.  CnHigONSCl.  Calculated  7o:  N  4.15. 

2,2-Dlmethyl-4-[fl-(a-furyl)-ethenyl]-dihydrobenzohepta-l,5-thiazine  was  isolated  from  an  alcohol  solu¬ 
tion  of  its  hydrochloride  by  means  of  ammonia.  The  light -yellow  crystals  had  m.p.  136*  and  an  absorption  maxi¬ 
mum  at  338  m/i. 

Found  7o:  N  4.52.  C„H„ONS.  Calculated  7o;  N  4.62. 

Perchlorate  of  2,2-die  ethyl-4-[fl -(a-pyrryl)-ethenyl]-dihydrobenzohepta-l,5-thiazine.  This  styryl  analog 
was  obtained  analogously  to  the  furan  analog.  From  1  g  of  2,2,4-trimethyldihydrobenzohepta -1,5-thiazine  and 
0.5  g  of  a-pyrrolaldehyde  we  obtained  0.9  g  of  2,2-dimethyl-4-[6 -(a-pyrryl)-ethenyl]-dihydrobenzohepta-l,5- 
thiazine  perchlorate  witli  m.p.  221"  and  an  absorption  maximum  in  alcohol  at  455  m/i.  The  action  of  ammonia 
on  an  alcohol  solution  of  the  perchlorate  yielded  the  free  base  with  an  absorption  maximum  in  alcohol  at  375  m/i. 

Found  7<»:  N  7.24,  7.30.  CnHaO^NgSCl.  Calculated  7o;  N  7.31. 
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SUMMARY 


1.  It  was  shown  that  a  methyl  group  in  position  4  of  free  bases  and  hydrohalldes  of  benzohepta-l,5-thiazines 
was  active  and  readily  condensed  with  aromatic  and  heterocyclic  aldehydes  to  form  styryls  and  their  analogs. 

2.  The  salts  of  dlmethylamlnostyryls  obtained  in  the  dihydrobenzohepta-l.S-thlazlne  series  had  deeper 
colors  than  die  bases  by  120  mfi.  Deepening  in  color  on  salt  formation  was  also  observed  with  hydroxystyryk 
(106-110  mji)  and  ako  with  furan  and  pyrrole  analogs  of  stj^ryk  in  the  dlhydrobenzohepta-l,5-thlazine  series 
(69-80  mp). 

3.  It  was  established  that  nitro  and  acetylamino  groups  in  position  8  deepened  the  color  of  dimethylamino- 
styryk  by  35  and  10  m/i,  respectively. 

4.  Replacement  of  the  alkyls  of  dlmethylaminostyryk  of  the  dihydrobenzohepta-l,5-thiazine  series  by  hy¬ 
drogen  atoms  at  the  ring  nitrogen  atoms  (position  5)  did  not  affect  the  color  of  the  styryk. 

LITERATURE  CITED 

[1]  LK.  Mushkalo.  Ukr.  Chem.  J.  19.  193  (1953)j  J.  Gen.  Chem.  18,  507  (1958).* 

[2]  L.K.  Mushkalo,  J.  Gen.  Chem.  29,  830  (1959)  (present  ksue). 

[3]  L.K.  Mushkalo,  Thesis  (Kiev  State  University,  1955). 


Received  January  31,  1958 


*  Original  Russian  pagination.  See  C.B.  translation. 


1018 


THE  ALKALOIDS  OF  AMMOTHAMNUS  SONGORICUS 

A.P.  Yakovleva,  N.F.  Proskurnina  and  L,M.  Utkin 
S.  Ordzhonikidze  All-Union  Scientific -Research  Institute  of  Chemical  Pharmaceutics 


Ammothamnus  songoricus  (Legumlnosae  family)  is  a  ramose  shrub  growing  in  Central  Asia.  P.S.  Massagetov 
established  that  the  plant  contained  alkaloids.  He  also  provided  the  material  used  in  this  investigation,  which 
was  collected  in  June  (before  the  fmit  had  ripened)  in  the  middle  section  of  the  River  Hi. 

The  whole  of  the  plant  above  ground  was  extracted.  The  total  alkaloids  of  this  plant  (about  l®/o)  were  sepa¬ 
rated  Into  two  fractions  by  extraction  with  ether  and  chloroform.  The  ether  extracted  consisted  almost  com¬ 
pletely  of  sophocarpine.  The  chloroform  fraction  yielded  an  optically  active  ([a]D  +21.6")  alkaloid  with  m.p. 
198-200*,  crystallizing  with  one  molecule  of  water,  which  it  lost  on  drying  but  readily  absorbed  again  in  air. 

The  elementary  analysis  of  this  base  corresponded  to  the  composition  of  Ci5H2402N2*  HjO.  It  did  not  contain  a 
methylimide  group.  The  only  crystalline  salts  that  could  be  obtained  were  the  perchlorate  with  m.p.  219-220* 
(with  decomp.)  and  the  picrate  with  m.p.  215*  (with  decomp.);  a  methiodide  with  m.p.  285*  (with  decomp.)  was 
also  obtained. 

From  the  empirical  formula  of  the  alkaloid  and  also  its  properties  it  was  conjectured  that  the  alkaloid  we 
Isolated  was  the  N-oxide  of  matrine.  Actually,  on  reducing  the  base  with  zinc  dust  (in  acid  solution)  we  obtained 
matrine.  According  to  the  description  of  Kondo  et  al.,  the  N-oxide  of  matrine  exists  in  two  hydrate  ftwms,  one 
of  which  melts  at  208*  and  has  [a Id  +29.7*,  and  the  second  at  77-80*  [1].  In  a  later  communication,  Ochiai  cor¬ 
rected  the  data  of  the  first  article  and  also  desc  ibed  two  forms  of  the  N-oxide  of  matrine:  one  with  m.p.  208* 
(anhydrous  form)  and  the  other  with  m.p.  161-163*,  [a]p  +47.7*  (hydrated  form)  [2]. 

By  chromatographic  fractionation  of  the  chloroform  fraction  obtained  from  the  plant  on  Al^Oj,  we  isolated 
aeries  of  fractions  with  various  melting  points  from  153  to  207*  and  specific  rotations  from  +20  to  +26*.  In  its 
properties,  the  base  with  m.p,  207*  corresponded  to  matrine  N-oxlde  described  in  the  work  of  Ochiai  [2]  During 
prolonged  storage,  the  melting  point  of  this  substance  fell  to  198-200*. 

As  regards  the  other  fractions  with  lower  melting  points,  all  these  bases  had  very  similar  specific  rotations 
all  contained  water  of  crystallization  and  all  gave  good  yields  of  matrine  when  reduced  with  zinc  dust  in  an  acid 
medium. 

If  the  base  with  m.p.  198-200*,  isolated  from  the  plant, was  recrystallized  from  aqueous  acetone,  then  in 
agreement  with  the  first  work  of  the  Japanese  authors  [1],  we  obtained  crystals  with  m.p.  77-80*;  however,  as  the 
material  stood  in  air,  the  solvent  of  crystallization  disappeared  and  the  melting  point  of  the  material  gradually 
rose. 

For  direct  comparison  of  our  alkaloid  with  matrine  N-oxide.  we  oxidized  matrine  with  hydrogen  peroxide. 
The  matrine  N-oxide  formed  was  similar  to  the  base  we  isolated  from  the  plant  and  was  obtained  in  different 
forms  with  melting  points  from  153  to  188*,  which  did  not  depress  the  melting  points  of  corresponding  fractions. 

Thus,  the  results  we  obtained  confirmed  the  identity  of  the  alkaloid  we  isolated  and  matrine  N-oxide. 

Despite  certain  differences  both  in  constants  and  in  formula  (as  is  shown  by  the  table  below),  the  base  we 
isolated  from  Ammothamnus  songoricus  is  apparently  identical  with  the  alkaloid  ammothamnine,  obtained  by 
Sadykov  and  Lazur’evskii  from  Ammothamnus  lehmanni  Bge.  [3]. 
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Alkaloid 

Formula 

Melting  point 

[a]D 

base 

picrate 

Ammothamnine  from 
Ammothamnus  leh- 
mannl  Bge. 

Ci6H240,N2  or 
CmH2oO^N(OII)  •  (NCH,) 

199-201* 

212-214* 

(decomp.) 

Optically 

inactive 

Base  from  Ammo¬ 
thamnus  songoricus 

198-200 

215 

(decomp.) 

+21.6* 

EXPERIMENTAL 

Extraction  of  alkaloids  from  plant.  Ground  plant  (2.5  kg)  was  extracted  widt  isopropyl  alcohol.  The  resi¬ 
due  from  the  alcohol  extract,  after  evaporation  of  the  alcohol  in  vacuum,  was  dissolved  in  lO^o  sulfuric  acid. 

The  acid  solution  was  washed  with  chloroform  (to  remove  tarry  materials  in  it),  made  alkaline  with  ammonia 
and  the  bases  extracted  with  ether  (extract  A)  and  then  with  chloroform  (extract  B). 

Treatment  of  ether  extract  A.  Isolation  of  sonhocarpine.  The  residue  after  evaporation  of  the  ether  was 
converted  into  a  hydroiodide  (9  g)  with  m.p.  290*.  The  base  Isolated  from  the  hydroiodide  had  m.p.  80-81*  and 
[a]j^  -29.3*,  and  did  not  depress  the  melting  point  of  sophocarpine. 

Treatment  of  chloroform  extract  B,  Isolation  of  matrine  N-oxide.  The  alkaloid  obtained  after  evaporation 
of  the  chloroform  was  treated  with  acetone.  A  base  which  was  difficultly  soluble  in  acetone  precipitated  (19.3  g) 
and  had  m.p.  198-200*  and  [a]p  +21.6*  (c  65,  alcohol). 

Found '7o:  0  64.15,  64.06;  H  8.93,  9.13;  N  10.10;  H,0  6.43.  CBH24O2N2 *  1^0.  Calculated  ®7o:  0  63.83; 

II  9.22;  N  9.92;  H2O  6.43. 

The  picrate  was  formed  by  mixing  alcohol  solutions  of  the  base  and  picric  acid.  The  m.p.  was  215*  (with 
decomp.)  (from  a  mixture  of  alcohol  and  water). 

The  perchlorate  was  obtained  from  the  hydrochloride  in  an  aqueous  solution.  The  m.p.  was  219-220*  (with 
decomp.)  (from  water). 

The  methiodide  was  obtained  by  the  action  of  CII2I  in  methanol  (boiling  for  two  hours).  The  m.p.  was  285* 
(with  decomp.)  (from  methanol). 

Reduction  of  matrine  N-oxide.  Preparation  of  matrine.  2  g  of  base  with  m.p.  198-200*  in  40  ml  of  lO^o 
H2SO4  was  reduced  with  zinc  dust  (8  g)  over  a  period  of  24  hours.  Tlte  filtered  solution  was  made  alkaline  with 
NaOH  and  extracted  with  ether.  We  obtained  1.3  g  of  matrine  with  m.p.  73-75*  and  [a Id  +37.5*  (c  4.8,  CHClj). 
It  did  not  depress  the  melting  point  of  a  sample  of  a -matrine  obtained  previously. 

Catalytic  hydrogenation  (with  Raney  nickel  catalyst)  of  the  base  with  m.p.  198-200*  also  yielded  matrine 
melting  at  74-76*;  two  moles  of  hydrogen  were  consumed. 

Fractionation  of  total  alkaloids  (B)  by  chromatography  on  AI2OJ.  A  solution  of  12  g  of  base  (B)  in  50  ml  of 
CHCI2  was  passed  tlirough  500  g  of  AI2O3.  Elution  witli  chloroform  yielded  12  fractions.  All  the  fractions,  apart 
from  the  first  two,  yielded  crystalline  substances  with  gradually  increasing  melting  points  from  153-200*;  the 
specific  rotations  of  the  fractions  varied  over  the  range  from  +26“  to  +20“;  the  Rf  varied  from  0.25  to  O.3.* 

When  the  middle  fractions  (with  m.p.  182-184*  and  185-187")  were  boiled  with  acetone  we  obtained  a  sub¬ 
stance  with  m.p.  207-207.5",  which  was  difficultly  soluble  in  acetone,  and  the  solution  deposited  a  base  with 
m.p.  153-155".  The  picrates  obtained  from  these  two  substances  had  m.p.  215"  (witli  decomp.)  (according  to 
literature  data,  m.p.  215*). 

Reduction  of  base  with  m.p.  153-155".  Preparation  of  matrine.  0.3  g  of  base  with  m.p.  153-155*  (obtained 
from  the  chloroform  extract  B)  in  an  alcohol  solution  was  shaken  in  an  atmosphere  of  hydrogen  widi  1  g  of  Raney 


•Chromatography  on  No.  4  paper  was  used  for  qualitative  characterization  of  the  fractions  obtained  (solvent  — 
upper  phase  of  a  mixture  of  isoamyl  alcohol— water— acetic  acid  in  the  ratio  50;50;1,  time  six  hours,  temperature 
18-19",  and  developer,  a  modified  Dragendorff  reagent). 
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nickel  catalyst  (paste).  Two  moles  of  hydrogen  were  absorbed  in  the  reduction;  the  alcohol  was  removed  in 
vacuum.  We  obtained  matrine  (0.24  g)  with  m.p.  74-76*  and  [alj)  +39*  (c  1.2,  alcohol). 

Oxidation  of  matrine  with  hydrogen  peroxide.  Preparation  of  matrine  N-oxide.  10  g  of  matrine  with  m.p. 
75-77*  was  oxidized  with  hydrogen  peroxide  (100  ml)  for  two  days  at  20*.  The  solution  was  washed  with  ether 
(to  remove  unreacted  matrine),  made  alkaline  with  ammonia,  and  the  matrine  N-oxide  formed  extracted  with 
chloroform.  The  chloroform  was  removed  and  the  residue  (6  g)  treated  with  acetone  to  give  substances  with  dif¬ 
ferent  melting  points  from  153-155*  (I)  to  186-188*  (II),  depending  on  the  treatment  conditions.*  Mixed  melting 
points  of  substances  (I)  and  (II)  with  bases.  Isolated  by  chromatography  of  the  total  alkaloids  (B)  and  having  cor¬ 
responding  melting  points,  were  not  depressed. 


SUMMARY 

1.  The  previously  known  base  sophocarpine  and  an  alkaloid  of  the  composition  I%0  were  Iso¬ 

lated  from  Ammothamnus  songoricus. 

2.  It  was  established  that  the  alkaloid  isolated  was  matrine  N-oxide. 
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ENCOUNTERED  IN  SOVIET  CHEMICAL  LITERATURE 


Abbreviation 

(Transliterated) 


FIAN 

GIPKh 

GIREDMET 

GITI 

GITTL 

GLA  VKhIM 

GOI 

GONTI 

Goskhimi  zdat 
GOST 

Gostoptekhi zdat 

GTTi 

IFKhA 

IL 

lOKhAN 

lONKh 

lONKhAN 

INBI 

IREA 

ISN  (Izd.  Sov.  Nauk) 

IVKhTI 

Izd.  AN  SSSR 

Izd.  MGU 

KEIN 

Khimizdat 

LGU 

LIM 

Me  tallurgi  zdat 

MITKhT 

OIYal 

OKhN 

ONTI 

OTI 

OTN 

RIAN 

RZhKhim 

VKhO 

ZhFKh 

ZhRKhO 


Signi  ficance 

Phys.  Inst.  Acad.  Sci.  USSR 

State  Institute  of  Applied  Chemistry 

State  Rare  Metals  Scientific  Research  Institute 

State  Sci. -Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

Main  Administration  of  the  Chemical  Industry 

State  Optical  Institute 

State  United  Sci. -Tech.  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Scientific  and  Technical  Publishing  house  of  the  Petroleum  and 
Mineral  Fuel  Industry 
State  Tech,  and  Theor.  Lit.  Press 
Institute  of  Physicochemical  Analysis 
Foreign  Lit.  Press 

Institute  of  Organic  Chemistryof  the  Academy  of  Sciences  of  the  USSR 
Institute  of  General  and  Inorganic  Chemistry  (N.  S.  Kurnakov) 

Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences 
of  the  USSR 

Institute  of  Biochemistry 

Institute  of  Chemical  Reagents 

Soviet  Science  Press 

Ivanovo  Chemical  Engineering  Institute 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Colloid  Electrochemical  Institute 

Chemistry  Press 

Leningrad  State  University 

Leningrad  Institute  of  Metals 

Metallurgy  Press 

Moscow  Institute  of  Fine  Chemical  Technology 

Joint  Institute  of  Nuclear  Studies 

Division  of  Chemical  Science 

United  Sci. -Tech.  Press 

Division  of  Technical  Information 

Division  of  Technical  Science 

Radium  Institute,  Academy  of  Sciences  of  the  USSR 

Chemical  Abstract  Journal  (USSR) 

All-Union  Chemical  Society  (Mendeleev) 

Journal  of  Physical  Chemistry  (USSR) 

Journal  of  the  Russian  Chemical  Society 


Note;  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated  no  further 
information  about  their  significance  being  available  to  us.  —  Publisher. 
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